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ABSTRACT 
 
 
 
Keene, Erin L.  M.S., Purdue University, August 2012.  Microorganisms from Sand, 
Cloacal Fluid, and Eggs of Lepidochelys olivacea and Standard Testing of Cloacal 
Fluid Antimicrobial Properties.  Major Professors: Frank V. Paladino and Tanya 
T. Soule. 
 
 
 
 The microorganisms associated with olive ridley nesting and potential 
antimicrobial properties of cloacal fluid were studied at Parque Nacional Marino las 
Baulas, Costa Rica, and nearby beaches during the 2010-2011 and 2011-2012 seasons.  
During the first season, bacteria and fungi were isolated and identified from frozen nest 
chamber sand, cloacal fluid, and unhatched egg samples.  This first season, fungi were 
isolated from cloacal fluid samples, but bacteria were not, however, bacteria and fungi 
were both isolated from sand and unhatched egg samples.  Enterobacter cloacae and 
Pseudomonas aeruginosa were the most common unhatched egg bacterial isolates.  All 
fungal genera isolated from unhatched eggs had been isolated in previous studies, but this 
was the first study were Cladosporium was isolated from olive ridley egg chamber sand, 
and were Aspergillus, Cladosporium, Penicillium¸ and Geotrichum were isolated from 
olive ridley cloacal fluid.  Prior to this study, Geotrichum had not been associated with 
nesting sea turtles.  The second season, samples were not frozen to determine if cloacal 
fluid contains bacteria, which may have been lost due to freezing the first season, and to 
identify any potential sand bacterial contaminants in the cloacal fluid.  These unfrozen
xi 
 
 
cloacal fluid samples contained Corynebacterium sp., Bacillus sp., Klebsiella sp., as well 
as genera documented in previous studies.  Citrobacter freundii and Serratia odorifera 
were common in both the cloacal fluid and nest chamber sand samples on all beaches, 
thus may be potential sand contaminants of cloacal fluid.  Kirby-Bauer disk diffusion 
assays could not detect antimicrobial properties of cloacal fluid against E. cloacae, P.  
aeruginosa, and Staphylococcus aureus control strains for both olive ridleys and a few 
opportunistically sampled Eastern Pacific green turtles (Chelonia mydas agassizii).  
While we cannot say cloacal fluid antimicrobial properties are absent against our test 
organisms, it is clear they are neither abundant nor widespread in these nesting 
populations. 
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CHAPTER 1 
 
INTRODUCTION TO STUDY 
 
 
 
 Bacteria and fungi have been proven to reduce the hatchling success of sea turtle 
nests around the world (Craven et al. 2007; Foti et al., 2009; Santoro et al., 2006; and 
Wyneken et al., 1988; Solomon and Baird, 1980; Phillot, 2002; Sarmiento-Ramírez, 
2010; Guclu et al., 2012; and Patino-Martinez et al., 2012).  Some species have even been 
shown to cause up to 100% nest mortality (Sarmiento-Ramírez, 2010).  As such, it has 
been suggested that the fluid which ovipositing females deposit  with the eggs may 
contain antimicrobial properties, providing  protection to developing embryos from 
potential pathogens in the sand (Soslau et al., 2011; see Phillott, 2002, communication 
with C.J. Limpus, pg 155).  The purpose of this study was to determine which 
microorganisms are associated with olive ridley sea turtle nests (Lepidochelys olivacea) 
at Parque Nacional Marino las Baulas (PNMB), Playa Ostional, and Playa Cabuyal in the 
Guanacaste region of Costa Rica, as well as to determine if there are any antimicrobial 
properties in cloacal fluids.  Limited samples were also taken from Eastern Pacific green 
sea turtles (Chelonia mydas agassizii) on Playa Cabuyal in order to determine the 
potential microorganisms found in association with this nesting population, and if there is 
variation in antimicrobial properties between species.
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Study Species 
The olive ridley sea turtle (Lepidochelys olivacea; Figure 1.1) is the ideal sea 
turtle species for this study because it is the world’s most abundant sea turtle and it has a 
circumtropical distribution (Abreu-Grobois and Plotkin, 2008).  Thus, their abundance 
makes them easier to find and obtain permits to work with, and their expansive 
distribution allows for a better understanding of how microorganisms are potentially 
affecting hatchling success globally.  As with other small sea turtle species,  
 
 
 
    
Figure 1.1.  A solitary nesting olive ridley at PNMB. 
 
 
 
olive ridleys nest more often but lay fewer nests per season than larger species.  It has 
been estimated that 60% of olive ridleys annually nest in tropical waters as either solitary 
nesters, or monthly in synchronized monthly aggregations called arribadas (Abreu-
Grobois and Plotkin, 2008, Bernardo and Plotkin, 2007).  Sometimes a combination of 
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both types of nesting can occur, which is referred to as mixed strategy.  It is believed that 
the use of arribadas evolved as a means of predator satiation, allowing for more 
individual hatchlings to survive than solitary nesting, even though the percentage of 
hatchling success on arribada beaches is typically lower (Bernardo and Plotkin, 2007).   
Olive ridley average of 100-110 eggs per nest, and most individuals will nest one 
to three times per season (Richardson, 1997).  Though hatchling success varies heavily 
between beaches, solitary nests typically yield 80% hatchling success or higher (Goas et 
al., 2006).  Large arribadas can have over 100,000 females whereas smaller arribadas 
contain about 15,000 nesting individuals, both typically in small areas, such as the 800 m 
on Playa Ostional where the arribadas take place (Figure1. 2A; Richardson, 1997).  
Arribada nests are susceptible to density-dependant mortality, causing hatchling success 
as low as one percent.  Eggs typically hatch between 50 and 70 days after laying 
(Richardson, 1997), depending on location and temperature, thus nests laid during 
arribadas have an increased threat of disruption shortly after being laid and during 
subsequent arribadas (Figure 1.2B).  Sea turtles are known for their behavior involving 
nest site fidelity, however, in olive ridleys, this is characteristic of arribada olive ridley 
nesting; solitary nesting females tend to use multiple nesting beachess (Kalb, 1999).  
 
4 
 
 
  
 
Figure 1.2.  (A) Arribada olive ridleys returning to the ocean at Playa Ostional.  (B) An 
arribada female digs another nest up, showing density-dependent mortality. 
 
Despite a decreasing world population, olive ridley sea turtles are listed by the 
International Union for the Conservation of Nature (IUCN; www.iucnredlist.org) as 
“vulnerable” and not “endangered, or “critically endangered” like other sea turtle species. 
The world population of olive ridleys, like all sea turtle species, are threatened by illegal 
harvest (eggs and adults), bycatch by fisheries, habitat degradation, global warming, 
predation, and disease (Abreu-Grobois and Plotkin, 2007).  Pathogenic microorganisms 
of free ranging adult turtles have been found in association with failed sea turtle eggs 
(Chapters 2 and 3).  Protecting eggs from potential environmental pathogens should help 
to increase hatchling success, potentially increasing population abundance. 
 
Study Sites 
Three different study sites were used to complete this study, all of which are 
located in the Guanacaste region of Costa Rica.  Playas Cabuyal and Grande are both 
nesting beaches that are utilized by solitary olive ridley nesting females, but are known 
 
 (A) (B) 
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for the other sea turtle nesting populations which they support.  Playa Ostional, on the 
other hand, is one of the most well-known olive ridley arribada beaches in the world, 
very limited nesting occurs on this beach from other species.  The location of these 
beaches in can been seen in the map of the Guanacaste Region (Figure 1.3). 
 
 
 
Figure1.3.  Map of the Guanacaste Region, including the Nicoya Peninsula and part 
of the mainland of Costa Rica with locations of the beaches where samples were 
taken. 
Playa  
Cabuyal 
Playa Ostional 
20 mi 
20 km 
Costa 
Rica 
Playa Grande 
Pacific  
Ocean 
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Playa Grande 
Parque Nacional Marino las Baulas (PNMB) is a national park created to protect 
nesting leatherback sea turtles (Dermochelys coriacea).  It is located in northwestern 
Costa Rica and is comprised of the nesting beaches Playa Ventanas in the north, Playa 
Grande, the central and main nesting beach, and Playa Langosta in the south.  The 
national park used to sustain an annual nesting population of about 1500 leatherback 
females (Tomillo, 2008), but currently receives only about 30 nesting leatherbacks per 
year (The Leatherback Trust, unpublished data).  Though the purpose of establishing the 
national park was to save the leatherback population, PNMB also sustains a nesting 
population of Eastern Pacific green (black) sea turtles (Chelonia mydas agassizii), and 
solitary nesting olive ridley sea turtles.   
The majority of the nesting activity takes place on the 3.5 km beach, Playa 
Grande (Spotila and Paladino, 2004).  It is separated from Playa Ventanas on the north by 
a small estuary which opens in the rainy season and during high tides throughout the 
year.  On the south side, it is separated from the popular tourist destination, Tamarindo, 
by the largest estuary in Central America, the Tamarindo Estuary (Spotila and Paladino, 
2004).  Tides heavily influence the beach, with water extending into the vegetation at 
high tides, especially during the rainy season, and dramatically changing the amount of 
sand and presence of scarps on the beach (personal obs.).  Though Playa Grande and the 
surrounding national park lands are not themselves heavily developed, extensive 
development is occurring in Tamarindo.  Estuarine waters containing runoff from farms 
and development within the region move north along the beach, potentially 
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contaminating sea turtle nests within the national park with fecal coliforms and enteric 
bacteria (Santoro et al., 2006).   
 
Playa Cabuyal 
Playa Cabuyal is a small beach (1.4 km) located just outside of Santa Rosa 
National Park, north of PNMB.  The sea turtle project on this beach was only recently 
established (2010), but was designed to monitor and protect the critically endangered 
Eastern Pacific green turtles which nest there.  Though it is known as an Eastern Pacific 
green turtle nesting beach, it also sustains a small population of solitary nesting olive 
ridleys, and on rare occasions, nesting leatherbacks.  This is also a more dynamic beach, 
which experiences high levels of erosion during the rainy season.  The sand in the upper 
zone of the beach (in the vegetation) is extremely compact, and egg chambers often 
contain roots.  Though the top layers of sand are white, the sand at chamber depth is very 
fine and black, probably of volcanic origin (Tomillo, personal communication).  The area 
around Playa Cabuyal is relatively undeveloped; the beach itself is popular only to locals 
who come during vacations to camp.  Most of the houses in the area are very basic, and 
do not have electricity.  The only developed area is the Four Seasons Resort, which is a 
couple of kilometers away.  Unfortunately, many locals rely on poaching sea turtle eggs 
for food.  Since Eastern Pacific green turtles are “Critically Endangered” according to the 
IUCN, this beach has also become important to protect.   
Sampling was limited on this beach because it was an hour away from the 
laboratory in Playa Grande, and had only a cooler for refrigeration.  As a result, samples 
of sand and cloacal fluid were only taken on nights before someone returned to Playa 
8 
 
 
Grande for laboratory analysis.  A few Eastern Pacific green turtle samples were also 
collected from this beach for comparison to olive ridley samples.   
 
Playa Ostional 
The Ostional Wildlife Refuge extends along a 12 km stretch of beach located in 
the middle of the Nicoya Peninsula in the Guanacaste Region of Costa Rica.  Though it is 
a large beach, the main nesting area for olive ridleys is only about 800 m long and located 
just south of the main beach entrance (Campbell, 1999).  While this beach sustains both 
arribada and solitary nesting olive ridleys, it serves as nesting grounds for the second 
largest arribada population in the world, second only to the nesting population in Orissa, 
India (Campbell, 1999; Shanker et al. 2003).    Due to the dense arribada nesting on the 
beach, the black sand is littered with eggshells from turtles digging up other nests. 
Furthermore, digging into the sand is difficult due to old eggs cementing together and 
compacting by new nests. 
The Ostional Village is relatively small, not very developed, and has only been 
around since the 1940’s.  As of 1994, there were only about 390 residents, with extensive 
deforestation in the hills around the refuge for cattle grazing.  The refuge extends 200 m 
inland, protecting the beach front from being developed, in an effort to save the turtles 
that the village depends on for food and income from ecotourism.  This beach contains a 
successful legal egg harvest program (Figure 1.4), allowing both the turtles and village to 
prosper (Campbell, 1999).  Samples were taken from Playal Ostional on only one night 
during the February arribada in 2012. 
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     Figure 1.4.  Legal harvest of olive ridley eggs at Playa Ostional. 
 
 
Monitoring Sea Turtles 
 
Most sea turtles oviposite their eggs at night, as a result Playa Cabuyal, Playa 
Grande, and Playa Ostional were patrolled nightly by field teams.  Since Playa Grande is 
a leatherback sea turtle beach, and they tend to nest three hours before to three hours after 
high tide, patrols were made during this time.  Patrollers walked close to the tide in order 
to be able to spot an emerging turtle or spot tracks in order to not disrupt a nesting 
female.  When spotted, turtles or tracks were followed up the beach to the nesting site.  
Turtles were allowed to go through the normal nesting process of making a body pit and 
digging an egg chamber.  It is not until she was almost done with her egg chamber that 
the biologist laid down behind her in order to get into position to work. 
  Once a turtle was almost complete with her egg chamber, a clean, surgically 
gloved hand was used to dig out a channel big enough to allow a hand to slide in under 
the cloaca.  At this point red lights were used while working the turtle; red lights are less 
likely to disturb the turtles than white lights. Using sterile one-dram vials, sand and 
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cloacal fluid samples were taken from the nest chamber and turtle, respectively. Sand 
samples were taken by lightly scraping the vial against the nest chamber sand from 
bottom to the top during the pause the female takes between digging the chamber and 
oviposition of the eggs.  
 
 
 
Figure 1.5.  Cloacal fluid coating eggs and 
dripping into the egg chamber.  These 
drips are what were sampled. 
 
Eggs were counted as the female laid them.  Cloacal fluid samples were taken by 
collecting drips of fluid out of the cloaca in a vial in between deposited eggs (Figure 1.5).  
Fluid collection took place after approximately 20 eggs were dropped in order to allow 
any potential environmental contaminants to be flushed out.  At the same time the cloacal 
fluid samples were taken, a copper-constantine thermocouple wire was placed into the 
middle of the clutch.  This thermocouple served a dual purpose: (1) temperature reading 
and (2) marking nests so they can be easily found for excavations. 
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After the turtle finished nesting, a National Band and Tag Co. style 681 Monel, 
self-piercing, self-locking tag was applied to either the first or second scale of the front 
right flipper.  This was done to identify each turtle and eliminate sampling the same turtle 
multiple times, thus minimizing sampling bias.  Patrols resumed and nests were marked 
upon returning to the site after the female returned to the ocean. 
 
Olive Ridley Egg Development 
All sea turtles lay white, spherical, cleidoic (amniotic) eggs with small pores 
throughout the shell, which allow for respiratory gas, water vapor, and heat exchange 
with the external environment (Phillot, 2002).  All sea turtle eggs are formed by the same 
basic process; with ovulation occurring about 36 hrs after the previous oviposition (Licht, 
1980), as the ova enter the oviduct and are fertilized by stored sperm (Phillott, 2002).  
The shelling process takes place immediately following ovulation in the female and 
continues until oviposition (Al-Bahry et al., 2011). Eggs pass from the oviduct where 
they are coated in albumen, to the uterus where calcium crystals form in the pits of what 
will be the inner shell (Solomon and Baird, 1980).  Within three days of ovulation, olive 
ridley eggs contain a slightly calcified shell (Owens, 1980), it is another 8-9 days before 
the nucleation sites are fully calcified, forming an outer calcareous layer on the shell.  
This outer calcareous layer provides mechanical support, while the inner membranes and 
albumen prevent desiccation.  Like other eggs, nutrients are provided to the developing 
embryo through the yolk (Phillot, 2002).   
While still in the female, sea turtles, like many other egg-laying reptiles, need a 
period of suspended development so that embryos do not form until oviposited.  This 
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time allows for the creation of more eggs and for calcium crystals to grow to the correct 
thickness necessary for embryo development, protection, and gas exchange (Rafferty and 
Reina, 2012).  This suspended development occurs during the gastrula stage, 
approximately 7 days after ovulation (Rafferty et al., 2011).  Suspended development at 
this stage allows all eggs to be oviposited at the same stage and before membrane 
adhesion to the shell, which would cause movement-induced embryo mortality prior to 
laying.  To achieve this suspension of growth, it is believed that a proteinaceous fluid 
secreted from the oviduct covers the pores of eggs, resulting in a state of hypoxia, 
suspending embryo development in the mother turtle until oviposition (Rafferty and 
Reina, 2012).  Avian embryos, which develop similarly to sea turtle embryos, have been 
shown to die before oviposition if embryos exceeded or did not reached the gastrula 
stage, or if they were retained in this state for too long, signifying the importance of the 
gastrula stage of development (Ewert, 1985; Plotkin, 1997).   
It is possible that this state of hypoxia could help defend developing eggs from 
any potential aerobic bacteria located in the mother at the time of egg formation.  
Hypoxia could also cause an environment that allows facultative anaerobes to flourish 
before the eggs are exposed to air at deposition, leaving eggs susceptible to potentially 
pathogenic anaerobic bacteria.   It is also possible that if development is not suspended at 
the gastrula state, then it becomes an unviable egg that could put the rest of the nest in 
jeopardy of fungal invasion (as explained later in Chapter 3). 
As with other sea turtle eggs, olive ridley eggs contain pores of various sizes for 
gaseous exchange and water absorption, which are caused by a lack of compaction of 
crystallites on the shell surface.  These pores, though vital to the survival of the embryo, 
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also potentially leave them susceptible to bacterial and fungal infections, especially 
towards the end of development when the pores are at their largest.  The calcium crystals 
form different sized, loosely compacted, nodular units on the shell surface, creating 
spaces or pores to allow for gas exchange during egg formation (Al-Bahry et al., 2011).  
Spicules bundle together to form these nodules and spread radially throughout incubation, 
eventually exposing the porous middle and sub layers of the shell to the sand.  During the 
third trimester of development, embryos extract calcium from the egg shell (Solomon and 
Baird, T., 1980).  In fact, Bilinski et al., (2001) found that healthy, developing 
leatherback embryos extract up to 43% of the calcium from their shell for osteogenesis.  
The base layer of the egg forms differently than the upper layer, but also contains pores.   
The base layer is formed from woven fibrils which stretch as the egg diameter increases 
during incubation (Sahoo et al., 1996).  Towards the end of incubation, parts of the 
calcareous layer will slough off, exposing the base layer directly to sand and any 
microorganisms that may be present (Al-Bahry et al., 2011).  The eggs will not hatch 
until an average of 51-55 days later, and at any point they could be exposed to 
microorganisms (Clusella Trullas and Paladino, 2007). 
Olive ridley eggs are unique among sea turtles because they consist exclusively of 
aragonite (CaCO3) crystals, lacking calcite and vaterite.  They also have one of the 
smallest eggs of all the sea turtle species.  For instance, the olive ridley egg population at 
Crab Island, in the Gulf of Carpentaria, Australia, has an average diameter of 3.68 ± 0.04 
cm, whereas the eggs of the larger sea turtle species are over 5 cm in diameter (Limpus, 
1983; Phillott et al. 2002).  As explained in Chapter 3, the size of the egg can play a role 
in whether or not an embryo can survive fungal invasion of its shell.  Though all sea 
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turtles have periods of egg retention, olive ridleys tend to maintain this retention state 
longer than other species, especially when nesting in arribadas, a characteristic they share 
only with closely related Kemps ridley sea turtles (Lepidochelys kempii).  Interclutch 
intervals of olive ridleys have been documented to be as much as 63 days (Plotkin et al., 
1997), whereas leatherbacks only retain their eggs between seven and fourteen days 
(Reina et al., 2002).  Although 63 days is an extreme case of egg retention, olive ridleys 
do retain their eggs longer than most species, with average interclutch intervals of 14 
days for solitary nesters and 28 days for arribada nesters (Pritchard, 1969).    
After the state of retention, eggs are oviposited along with the fluid (known as 
oviductal or cloacal fluid) in which they have been coated.  As eggs are dropped into the 
egg chamber, the embryonic disk rotates to the top of the yolk and the albumen settles 
toward the bottom of the egg.  The cloacal fluid, which filled the eggshell pores and 
maintained the egg in a hypoxic state in the female’s oviduct, now drains by capillary 
action either around the deposited egg or inward into the egg material to become part of 
the fluid layer within the inner shell membrane (Miller and Limpus, 2003).  At this point, 
the eggshell pores are available for gas exchange and normal development resumes. 
 
Bacteria and Fungi in Eggs 
Bacteria and fungi have been shown in association with reduced hatchling 
success, though their exact affects can be difficult to determine (Foti et al., 2009; Santoro 
et al., 2006; Wyneken et al., 1988; Solomon and Baird, 1980; and Phillot, 2002).  For 
instance, high levels of bacterial species inside the eggs of the loggerhead Caretta 
Caretta have been correlated with lower hatchling success (Wyneken et al., 1988) while 
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egg mortality in the green turtle, Chelonia mydas, and loggerhead turtle (Caretta caretta) 
has also been found to increase with the presence of certain fungi (Solomon and Baird, 
T., 1980; Sarmiento-Ramírez, 2010).  Furthermore, there have been some reports that 
bacteria and fungi found to occur naturally in the olive ridley nesting environment, such 
as Pseudomons aeruginosa, Bacillus sp, Aspergillus, Penicillium, and Cladosporium do 
not cause embryo death but, may invade eggs opportunistically after they have already 
lost their defenses (Mo et al. 1995; Craven 2007).  Pathogenicity, however, may vary by 
strain or beach location.  In order for a microorganism to be an opportunistic saprophyte, 
it would have to be present in the egg chamber sand at the time of oviposition or 
introduced during a disruption of the nest.  The presence of these microbes is sustained 
by the warm temperature, environmental moisture, and any nutrients provided by the 
nesting environment.  While it is most often the bacteria and fungi associated with egg 
chamber sand that are associated with lower hatchling success, microbial species not 
found in the sand at the time of oviposition have also been associated with failed sea 
turtle eggs (Appendices A, B, D, and E). 
In addition to contact with nest chamber sand, there are other ways in which 
bacteria and fungi can infect eggs.  For instance, if the mother was systemically infected 
with bacteria or fungi in the oviduct, she might form the eggs with microorganisms 
present within them.  This mode of infection is supported by the maternal link to nest 
hatchling success in leatherbacks (Rafferty et al., 2011) and the presence of bacteria in 
eggs taken straight out of the oviduct of green sea turtles (Al-Bahry et al., 2009).  Since 
the cloacal fluid is secreted in the oviduct where the eggs form, it may also become 
contaminated by the systemically infected eggs. Another possible mode of maternal egg 
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contamination with microorganisms may occur at the time of egg deposition.  Eggs, 
feces, and other waste materials also pass out of the cloaca.  In this study, we observed 
that there was great variation in the consistencies and clarities of the cloacal fluid 
samples, with blood, fecal matter, and even a roundworm observed in the fluid.  The 
presence of all of these possible contaminants passing through the cloaca provides 
additional sources of potential contamination of the eggs as they are being oviposited. 
Eggs may also be contaminated by microorganisms after disposition.  The beach 
environments where the eggs incubate are very dynamic and microorganisms found in the 
ocean could be introduced to nests which have been washed over by tides.  Winds also 
have the potential to disperse bacteria and fungi throughout the beach sand during the 
nesting season.  Rains can cause runoff from surrounding habitats and also provide 
moisture which may even help facilitate bacterial and fungal movement onto the beach 
and into eggs.  Environmental factors, such as meiofauna, which move throughout the 
interstitial spaces between the sand grains, could be another potential source of 
contamination.  Other fauna on the beach such as protozoans, zooplankton, crabs, humans 
and other predatory animals could also expose nests to bacteria and fungi.  The flora may 
also have an impact as the vegetation of the beach can change dramatically throughout 
the nesting season.  Nests that were once several meters from vegetation may contain 
roots in the egg chamber that sometimes are found to penetrate the eggs themselves by 
the time nests hatch (personal observation).  Fungi, especially, are more commonly found 
in association with vegetation. 
There are many potential modes for fungal and bacterial infection in sea turtle 
nests.  It is also likely that environmental factors, such as temperature and oxygen 
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concentrations, can influence an embryo’s susceptibility to microorganisms.  It is 
reasonable to suspect that embryos that are stressed due to unfavorable environmental 
conditions are more susceptible to microorganisms than healthy embryos found in more 
favorable conditions.  Once it is determined how bacteria and fungi influence hatchling 
success on beaches, their modes of infection, and which species are pathogenic to 
developing embryos, plans can then be developed for protecting eggs from 
microorganisms, thereby increasing hatchling success.  This study aims to identify 
potential microbial pathogens in the sand, cloacal fluid, and eggs of olive ridley sea 
turtles, as well as to determine if the cloacal fluid deposited with the eggs has any 
antimicrobial properties in order to determine potential ways to protect olive ridley sea 
turtles from microorganisms. 
 
Sterilization 
 The laboratory was not equipped with an autoclave, Bunsen burners, or a laminar 
flow hood, thus extreme care had to be taken to not contaminate samples or plates, and to 
ensure all microorganisms were destroyed before proper diposal.  Distilled water was 
purchased from the pharmacy and poured into glass jars with Pyrex lids.  Glass 
containers were filled half full with the fluid to be sterilized (water, media, or buffers), 
and the lids were placed at a one-quarter turn from complete closure.  These containers 
were then sterilized using a pressure cooker on a household stove.  The pressure cooker 
was filled with 3 cm of distilled water, sealed, and heated on high.  After the pressure 
cooker constantly expelled steam for minute, the temperature of the stove was reduced 
until there were about 10 spouts per minute.  After 15 minutes the stove was turned off 
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and the pressure cooker cooled for at least 30 minutes to avoid superheating.  Each time 
new sterile liquid was made, it was plated on nutrient agar media to insure sterility. 
Pipette tips were also sterilized in a pressure cooker in the same manner.  
However, water tended to collect in the tip boxes, so once they were sterilized they were 
placed in a drying oven.  An 80% ethyl alcohol lamp was used to sterlize implements 
since there was no Bunsen burner.  All metal and glass implements were first dipped in 
80% ethyl alcohol and then held over the lamp’s flame.  The counters were bleached 
daily before and after lab use, anything resting on a counter was re-sterilized before use. 
The laboratory served several purposes for both this study and as a storage area 
for the park rangers, thus it was not secure from insects and other animals. For instance, 
there was a 5 cm gap between the door and the floor, and the windows were occasionally 
left open by other lab users.  Eventually an air conditioner was added to the lab, allowing 
for the windows to be closed.  Due to these added sources of contamination, all plates 
were wrapped in parafilm and any perforations were repaired daily.  A black tarp was set 
up on the counter between the door and work area so wind would not contaminate the 
plates while samples were being processed.  Once the air conditioner was connected, it 
was turned off during lab work, and the windows and door were shut to prevent airborne 
contaminants from getting on the plates. Due to the presence of flies in the lab, air holes 
in the top of the incubators were covered with a secured paper towel. 
To decontaminate the samples after processing, they were soaked overnight in a 
3:1 household bleach to water solution.  All other contaminated disposable equipment 
was also emmersed in a bleach solution.  After everything had been bleached, it was 
immediately discarded properly to prevent insect infestation of the working area. 
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CHAPTER 2 
ISOLATION OF BACTERIA FROM SEA TURTLE NEST CHAMBER SAND, 
OVIDUCTAL FLUIDS, AND UNHATCHED EGGS 
 
 
 
Introduction 
The sea turtle nest nutrients, temperatures, and humidity provide an ideal 
environment for microbial growth and the presence of pathogenic strains can reduce the 
hatchling success of sea turtle eggs (Craven et al. 2007; Foti et al., 2009; Santoro et al., 
2006; and Wyneken et al., 1988). Though many studies have been conducted in order to 
identify bacteria in the eggs, cloacas, and nest sand of sea turtles, little is known about the 
exact mechanisms by which bacteria influence the health of sea turtle nests. Furthermore, 
it is not known which bacteria cause embryo mortality and which invade unviable eggs as 
opportunistic saprophytes (Mo et al., 1995; Craven, 2007). It has also been suggested that 
the presence of bacteria could be an indication of changing environmental conditions 
(Roszak and Colwell, 1987).  In addition to influencing the viability of eggs, bacteria 
have also been shown to cause various diseases in free ranging turtles (Glazebrook et al., 
1993; Aguirre et al., 1994).  
One possible source of bacterial contamination could be the foraging waters 
where sea turtles spend most of their lives. Some sea turtle species migrate long distances 
between their foraging waters and nesting beaches, allowing exposing them to foreign 
bacteria and pollutants. It is likely that sea turtles bring these bacteria back to their 
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nesting beaches, potentially causing a wide array of problems.  For example, one such 
problem has been seen in the eggs of green sea turtles (Chelonia mydas) in Oman, where 
antibiotic-resistant bacterial populations in eggs have increased as a result of antibiotics 
in the water (Al-Bahry et al., 2009).  Furthermore, similar antibiotic resistant strains have 
been found in cloacal swabs taken from free ranging loggerhead sea turtles, (Caretta 
caretta; Harms et al., 2006) as well as other marine organisms, including pelagic fish 
(Miranda and Zemelman, 2001). The presence of so many antibiotic resistant strains 
associated with sea turtles is alarming and could lead to much higher embryo mortality, 
further reducing sea turtle populations. 
It has also been hypothesized that the bacteria found in sea turtle eggs are from 
the nesting environment rather than the mother turtle (Acuña et al., 1999), thus it is 
important to understand more about the bacterial composition of the sand on nesting 
beaches.  Bacteria tend to adhere tightly to sand grains and can only be mechanically 
separated by sonication or shaking (Brown, 2001).  They are extremely abundant in sand 
with bacterial counts in dry sand ranging from 108-1012 cells gram-1 of sand at a 
consistent density down to one meter.  These concentrations continue to increase with 
finer sediments due to an increase in the available surface area (Dale, 1974; Meyer-Reil 
et al., 1978; and Mazure and Branch, 1979).  In addition to high bacterial counts, there is 
also evidence of a high bacterial diversity in beach sands. For instance, Khiyama and 
Makemson (1973) successfully isolated and identified 362 different bacterial strains in 
beach sand near Sindbad, Lebanon in an area with little tidal influence.  On beaches with 
greater tidal influence, bacteria have been collected near the high and low tide marks 
(Andrews et al., 1976). 
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The bacterial presence in the sand is heavily influenced by environmental factors 
such as rain and runoff (Santoro et al., 2006), wave action (Riedel and Machan, 1972), 
and the presence of organics (Koop and Griffiths, 1982).  Furthermore, bacteria are 
typically found singly or in colonies of only a few cells on sand grains, making them 
even more susceptible to changes in environmental conditions (DeFlaun and Mayer, 
1983).  In months of higher rainfall, there is more runoff and, consequently, an increase 
in fecal coliform and enterococci contamination in adult leatherback sea turtles nesting at 
the Pacuare Nature Preserve in Costa Rica. Some of the bacteria found on the beach were 
present only during times of high rainfall, a condition which held true throughout the 
entire nesting season (Santoro et al., 2006).  Bacteria have also been shown to follow the 
temperature cycle, having higher concentrations in the summer and declining with the 
lowering of the water temperature (DeFlaun and Mayer, 1983).  
The availability of organics and nest density could also cause cyclic fluctuations 
in bacterial abundances.  This could hold especially true for arribada beaches, such as 
those in the Rushikulya Rookery in Orissa, India, which sustains the world’s largest 
arribada population.  Turtles first turtles appear in this rookery in October and nesting is 
completed by April, with the densest nesting taking place in March, causing a huge influx 
of organic material into the beach sand in less than seven months (Tripathy, 2008).  In 
Playa Nancite, a smaller arribada beach, 150-300 tons of organic matter are deposited 
into the sand by the time the nesting season ends, allowing for increased bacterial growth 
(Mo et al., 1990) Seasonal fluctuations of bacterial concentrations have also been found 
in Cape Peninsula, South Africa, as a result of kelp washing up on the beach, as well as a 
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predator-prey cycle with meiofauna which graze on the bacteria (Stenton-Dozey and 
Griffith, 1983). 
In general, sea turtle eggs are laid in close proximity to other eggs and olive 
ridleys, in particular, lay an average of 100 eggs per nest (Rostal, 2007).  Due to the 
spatial arrangement of the eggs in the nest, bacterial population gradients could be 
expected, with eggs on the perimeter of the clutch being more easily infiltrated while the 
eggs closest to the middle contain smaller concentrations of bacteria.  This would 
especially hold true if antimicrobial properties are present in the cloacal fluid at the time 
of egg laying, as has been suggested by Soslau et al. (2011a), since the middle of the 
clutch would receive the most cloacal fluid where antibiotic fluids would tend to collect.  
In the case of olive ridleys nesting in arribadas, nests are densely packed in the sand, 
allowing for bacteria to easily pass from one nest to another.  At the same time, the 
ground is littered with old shells, cracked eggs, yolk, and albumen from nests being dug 
up by other nesting females as well as predators.  Campos (1988) discovered that 
bacterial concentrations in natural olive ridley nests on an arribada beach increased with 
the nest incubation time, and that the entire concentration of bacteria on the beach also 
increased with the duration of the season.  In 1987, on the arribada beach Playa Nancite, 
it was not until December that bacterial concentrations began to decrease, coinciding with 
the end of the rainy season, a decrease in the arribada size, and an increase in fungal 
abundance in the sand. This study also determined that the beach location had no effect 
on bacterial abundance, but rather that the environmental factors determine the 
concentrations of bacteria on the beach. These results, however, could be density-
dependent, and may not hold true on solitary nesting beaches.  Campos did, however, 
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indicate that the bacterial counts in the nutrient rich eggs were higher than those in the 
nest sand.  Thus, it is important to determine exactly how bacteria infiltrating the egg 
affect embryo development and hatchling success. 
Sea turtle eggs incubate in moist sand, which contains an abundance of bacteria.  
It is possible this increased moisture may facilitate the movement of bacteria through the 
pores that facilitate gas exchange, as has been demonstrated with avian eggs (Haines and 
Moran, 1940).  Olive ridleys, one of the smaller sea turtle species, will drop 250-500mL 
of fluid on a single nest (Silas and Rajagopalan, 1984) and this fluid could also be 
responsible for facilitating bacterial movement into the eggs.  The number of pores per 
egg and their size varies between sea turtle species.  For instance, green sea turtles have 
higher oxygen diffusion rates, thus it is most likely that they have either more pores or 
larger pores than other comparable species, potentially making them more susceptible to 
bacterial infection (Ackerman and Prange, 1972).  Furthermore, Al-Bahry et al. (2009) 
determined that, under experimental conditions, bacteria are able to penetrate green turtle 
eggs all the way to the yolk within 30 minutes of exposure. The same study also 
determined the relative frequencies of saprophytic bacteria in the eggshell, albumen, and 
yolk of in situ eggs as 38.6%, 20.1%, and 42.2%, respectively.  Despite being taken 
directly from the cloaca, 42% of the eggs contained contaminants, suggesting that these 
contaminations originated from the nesting turtle and not the sand. Since embryos absorb 
nutrients from the yolk, this high frequency of bacteria could have huge impacts on the 
developing embryo. Even more alarming was the discovery of several bacteria in the eggs 
that were resistant to up to 11 commonly used antibiotics.  Among the most antibiotic-
resistant strains from Al-Bahry (2009) were Pseudomonas aeruginosa, Salmonella 
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arizonae, Escherichia coli, Enterobacter cloacae, and Pseudomonas fluorescens. All of 
these strains are Gram-negative bacteria and common isolates of sea turtle eggs 
worldwide (Table 2.1).  The resistant bacteria that were found were associated with areas 
of development, which could be an indication of how development may adversely affect 
sea turtle populations by influencing the microfauna of an area. 
Leatherback sea turtles have been the focus of several long-term studies at Parque 
Marino National Las Baulas (PNMB) in Costa Rica since the late 1980’s, but the 
population is rapidly declining.  Leather back sea turtles around the world have an 
extremely low hatchling success rate (~50%), compared to other sea turtles which have 
an average hatchling success of ~80% (Bell et al., 2002; Santidrián Tomillo et al., 2008). 
The lower hatchling success of leatherback eggs is attributed to high embryo mortality 
rather than infertility since ˃90-95% of leatherback eggs on the beach were fertilized 
(Bell et al., 2002).  During the excavations of olive ridley nests within PNMB we also see 
more late-staged developed embryo than undeveloped eggs (personal observation). Since 
it is not a lack of fertility affecting the hatchling success of eggs, it could be assumed that 
environmental factors such as temperature and oxygen concentrations were the main 
contributor to the high mortality, however, this was not shown to be the case in PNMB 
hatchery nests (Ralph et al., 2005; Wallace et al., 2004).  Thus, it is probable that 
microorganisms in sand contributed to the embryonic mortality of nest relocated to the 
hatchery and natural nests; however it has also been shown that maternal identity plays a 
significant role in the hatchling success and stage of embryo death in leatherbacks at 
PNMB (Rafferty et al., 2011).  It is possible this could result from the female being 
infected with pathogenic bacteria, which she then passes on to her offspring. With this 
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knowledge, we can then look at the other species nesting on the beach and determine 
environmental factors, maternal identity, and microorganisms that may also be playing a 
significant role in the reduction of hatchling success. It has been shown that eggs straight 
out of the oviduct, which have never touched sand, can contain potentially harmful 
bacteria (Al-Bahry et al., 2009), as a result studies should consider both nesting females 
and nest chamber sand as sources of contamination. 
Although bacteria have been widely studied, isolated, and identified in failed sea 
turtle eggs (Appendix A), nest chamber sand (Appendix B), and cloacal swabs (Appendix 
C), little is known about their exact effects on embryonic development.  It is possible that 
the bacteria found in the eggs are pathogenic to the developing embryo, but it is also just 
as likely that they are opportunistic saprophytes aiding in the decomposition of failed 
eggs. The same holds true for bacteria in free ranging turtles.  It remains unclear as to 
whether the bacteria are pathogenic parasites responsible for the initial condition or rather 
opportunists capitalizing on the availability of a susceptible host.  This study aims to 
determine if the bacterial contamination of the eggs originated from the nesting 
environment or from the nesting female by comparing isolates from nest chamber sand to 
those from the cloacal fluid.  This study will provide the background necessary to begin 
constructing methods to protect developing sea turtle embryos from potentially lethal 
microorganisms.  
 
Methods 
 Sand and cloacal fluid samples were collected for every turtle that was found 
before she started laying her eggs in order to obtain an uncontaminated nest chamber 
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sample to compare to the fluid sample.  The methods for sample collection are expressed 
in Chapter 1. 
During the 2010-2011 season all samples were placed in a -20°C freezer after 
each patrol, and processed as time and resources allowed. Thawed sand samples were 
processed by adding 2 mL of sterile distilled water to each dram vial and shaking for 30 
seconds.  To select for Gram-negative bacteria, MacConkey agar was used as the 
enrichment medium, which was spread-plated with 100 µL of the water from the sand-
water mixture and quadrant-streaked with the thawed cloacal fluids.  The Crystal violet 
and bile salts in MacConkey agar inhibits the growth of Gram-positive bacteria, and the 
presence of lactose and the pH indicator neutral red identifies colonies as lactose 
fermenters or non fermenters, which aids in colony identification (Black, 2012).  The 
plates were then placed in a Styrofoam incubator (Hova Bator model 1602 N, Savannah, 
GA) at 30°C for two nights. This temperature was chosen because it is close to the 
literature value for the pivotal temperature for sex determination on the nearby beach, 
Playa Nancite (30.5°C; Wibbels et al, 1998) and halfway between this pivotal 
temperature and the average temperature of nests (29.08°C) before the experiment 
started. Preliminary bacterial identification of the cloacal fluid samples was completed 
on-site with the API 20E systems (Bio-Merieux) or sent to Laboritorio Clínico y Banco 
de Sangre San Jose (www.laboratoriosanjose.com).   
 During the 2011-2012 season all samples were immediately plated after each 
patrol on nutrient agar and MacConkey agar as described above.  MacConkey agar was 
used as a comparison to the previous season and since the goal of the second season was 
to isolate as many strains as possible, non-selective nutrient agar was also used.  Each set 
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of plates were incubated at 30°C and 37°C (37°C is standard in laboratory practices) with 
further isolation on nutrient agar before being sent to Laboritorio Clínico y Banco de 
Sangre San Jose for identification. 
 
Egg Sample Processing 
During the 2010-2011 season, eggs were sampled two days after hatchling 
emergence in order to give hatchling or at 65 days in accordance with current olive ridley 
project protocols if the nest did not appear to hatch. Unhatched eggs were opened to 
observe the stage at which the embryo ceased development or if the egg was ever 
fertilized at all.  The outside of each egg was thoroughly brushed and rubbed with an 
alcohol swab.  Gloved hands were used to gently pull apart the egg shell and a single 
sterile cotton swab was swiped through the yolk, albumen, inner shell casing, and any 
failed embryo.  During the dry season, when the majority of the eggs were hatching, 
stronger seasonal winds increased the potential for sand contamination.  As a result, a 
cardboard box shield was buried in the sand to block wind from all angles and minimize 
contamination during egg sampling.  Each cotton swab was stored in a sterile dram vial, 
frozen, and processed the next day, after thawing.  Samples were taken from all 
unhatched eggs (up to ten per clutch), streaked on MacConkey agar and incubated at 
30°C as described above.  Figure 2.1 shows a cultured egg sample on MacConkey agar. 
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Figure 2.1.  An egg sample cultured on a MacConkey agar plate.  Colonies were 
identified with API 20 E as Enterobacter cloacae (95.1% CI). 
 
 
 
Bacterial Identification 
During the 2010-2011 season, the semi-automated API 20 E (Bio-Merieux) 
systems, as shown in Figure 2.2, combined with API web computer software were used 
for on-site identification of bacterial isolates.  API systems were inoculated with a 
suspension of a bacterial colony in a sterile silution and incubated over night at 36°C as 
recommended for 24 hours.  If there were not changes to the inoculated strip after 
incubation for 24 hours, the strips were incubated for another 24 hours, as directed by 
Bio-Merieux.  Samples sent to Laboritorio Clínico y Banco de Sangre San Jose were 
subcultured onto sheep blood agar, MacConkey agar, and mannitol salt agar, as well as 
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Gram-stained.  Identifications sent to the laboratory were completed using semi-
automated API 20 and API Staph systems (Bio-Merieux) with IdBact software.  Egg 
samples were not taken during the 2011-2012 season, thus no bacterial identifications 
were made.  During the second season, all cloacal fluid isolates were identified by the 
laboratory, identification were sent out in two batches.  Due to resource limitations, only 
the isolates from the sand, which appeared similar to their corresponding cloacal fluid 
sample colonies were identified to check for contamination of fluid samples.  
 
 
 
Figure 2.2.  (A) An API 20E system inoculated with a suspended 
bacterial colony prior to incubation from sea turtle cloacal fluid. 
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Figure 2.2.  (B) An API 20E system inoculated with a bacterial 
colony from an unhatched sea turtle egg after incubation.  Positive 
and negative marks are assigned as designated by the user manual, 
and were then entered into APIweb.  This particular isolation could 
not be identified confidently.  It was only indicated as possibly 
Citrobacter freundii or Citrobacter youngae.   
 
 
 
Results 
 
During the 2010-2011 season, the most isolates (using MacConkey agar) were 
found in the eggs of sea turtles; the sand contained only 1 identifiable species; and no 
bacteria were isolated from the sea turtle cloacal fluid (Table 2.1).  Bacterial isolates that 
could not be identified on-site were sent to Laboritorio Clínico y Banco de Sangre San 
Jose for identification.  From these isolates, only those from the eggs could be identified.   
Pseudomonas aeruginosa and Enterobacter cloacae were the two strains found most 
often in the eggs of olive ridley sea turtles at PNMB. 
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Table 2.1.  Bacteria associated with olive ridley eggs, egg chamber sand, 
and cloacal fluid from the 2010-2011 season at PNMB.  Numbers represent 
the amount of isolations for each species in each sample type. 
 
Species Sand Egg Fluid 
Citrobacter freundii 
 
1  
Citrobacter youngae 
 
2  
Enterobacter cloacae 
 
8  
Enterobacter sakazakii 
 
2  
Pseudomonas aeruginosa 
 
4  
Serratia marcescens  1 
 
 
Inconclusive 7 
 
 
 
 
 Those isolates deemed “inconclusive” in their identification using the API 20E 
systems in the field  during the 2010-2011 season were annotated as such because their 
identification confidence interval could not reach 95%.  Despite not reaching the full 95% 
confidence value, some of the isolates did have high enough confidence intervals which 
are worth mentioning.  Additional potential isolates from the 2010-2011 egg samples 
included Aeromonas sp (n=1), Salmonella (n=2), Citrobacter (n=2), and Pseudomonas 
aeruginosa (n=1).  Along the same line, possible isolates from the 2010-2011 sand 
samples include Acinetobacter baumanni (n=1) and a Pseudomonas species (n=1). 
During the 2011-2012 season there was an abundance of bacteria isolated from 
cloacal fluids (Tables 2.2-2.4).  The most common cloacal bacterium isolated from 
PNMB was Citrobacter freundii. Of the 68 total turtles sampled during this season, 15 
did not contain any bacteria in their cloacal fluid and an additional five only grew one 
colony out of the four plates incubated (both media incubated at two temperatures).  Of 
the 68 fluid samples, 24 contained visual sand contamination, but only 11 of the samples 
visually contaminated with sand had the same isolated species in both the fluid and sand.  
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An additional six cloacal fluid samples contained bacteria found in the sand on the beach, 
but not in its corresponding sand sample. A total of seven samples grew more than 3 
colonies at one temperature with no growth at the other temperature (occurred for both 
30°C and 37°C), even though the same media was used, and the species isolated grew in 
other samples at both temperatures.  Similar isolates have also been found associated with 
sea turtles around the world (Appendices A-C).   All of the sand samples from 2011-2012 
contained at least one colony of growth, and only two of them grew bacteria at one 
temperature and not the other.  However, it was not demonstrated that any particular 
bacteria did better at one temperature over the other for the overall study.  The average 
nest temperature during the months of October 2010 through January 2011, when the first 
part of this study was conducted was 29.6°C (SD 1.30), close to the 30°C chosen for 
incubation.  During the 2011-2012 season there were 19 cloacal fluid samples and 42 
sand samples which had growth on MacConkey agar.  This is in stark contrast to the 
results from the 2010-2011 season where no bacteria grew in the cloacal fluid samples 
and only eight colonies grew from sand samples on the same media.  The bacteria 
isolated from Playa Grande (Table 2.2), Playa Ostional (Table 2.3), and Playa Cabuyal 
(Table 2.4) show that Citrobacter freundii and Serratia odorifera were the most common 
isolates from the cloacal fluid and sand.  It is important to note that the first time samples 
were sent to the laboratory for identification Serratia liquefaciens was the second most 
common isolate, and Serratia odorifera was not found.  However, in the second round of 
identifications Serratia odorifera was the second most common isolate, and Serratia 
liquefaciens was not found, even though many of the samples were taken in the same 
time frame, and similar locations on the beach.  Isolations from the other two beaches 
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were only sent out in the second round of samples because permits were not obtained 
until later. 
 
Table 2.2. Bacteria associated with olive ridley eggs, egg chamber 
sand, and cloacal fluid from the 2011-2012 season at PNMB.  
Numbers represent the amount of isolations for each species in each 
sample type. 
 
Species Sand Fluid 
Acinetobacter baumannii 1 
 Corynebacterium sp 1 
 Serratia liquefaciens 1 3 
Serratia odorifera 4 2 
Citrobacter freundii 9 12 
Pseudomonas aeruginosa 
 
1 
Serratia plymuthica 
 
1 
Enterococcus faecalis 
 
1 
Enterobacter cloacae 
 
1 
Klebsiella sp 
 
1 
Salmonella sp 
 
1 
Bacillus sp 
 
1 
 
Table 2.3. Bacteria associated with olive ridley eggs, egg chamber 
sand, and cloacal fluid from the 2011-2012 season at Playa 
Ostional.  Numbers represent the amount of isolations for each 
species in each sample type. 
 
Species Sand Fluid 
Corynebacterium sp 2 
 Citrobacter freundii 6 6 
Serratia odorifera 4 4 
Staphylococcus epidermidis 
 
1 
Bacillus sp 
 
1 
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Table 2.4. Bacteria associated with olive ridley and Eastern Pacific 
green turtle eggs, egg chamber sand, and cloacal fluid from the 
2011-2012 season at Playa Cabuyal. 
 
Species Sand  Fluid 
Staphylococcus aureus* 1   
Citrobacter freundii** 2 4 
Serratia odorifera** 3 3 
Corynebacterium sp   1 
Enterobacter sakazakii   1 
 
* Indicates bacterial isolates from Eastern Pacific green turtles.  
**Indicates bacterial isolates from both olive ridley and Eastern 
Pacific green turtles.  All others are isolates found only in olive 
ridley sea turtles. 
 
 
 
Hatchling Success 
Hatchling success in our sampled nests in 2010-2011 ranged from 4.9-100%, and 
the range for unsampled nests ranged from 53-100%.  This, however, is not an accurate 
representation of the hatchling success of our sampled nests because the beach nest with 
the lowest percent success was extremely close to the high tide line, laid close to the 
estuary, and as a result, was heavily inundated at least five times during incubation.  The 
average hatchling success of our sampled turtle nests that were recovered during the 
2010-2011 season was 81.0% (SD 24.5%), which is no significantly different than the 
recovered unsampled nests during the same time frame (86.3%; SD 14.5%).  The average 
hatchling success of sampled turtle nests that were recovered during the 2011-2012 
season was 80.22% (SD 22.23%), which is also not significantly different from the 
recovered unsampled nests during the same time frame (80.26%; SD 21.78%).  This 
shows no adverse effect of sampling methods on hatchling success, as summarized in 
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Figures 2.3 and 2.4.  The sample size was not large enough for an accurate comparison of 
the hatchling success of sampled nest to unsampled nests at Playa Cabuyal, and due to the 
large volume of nests on Playa Ostional oviposited during the arribada, and subsequent 
arribadas, it was impossible to recover the sampled to allow for a comparison. 
 
 
 
Figure 2.3.  The hatchling success of sampled and unsampled nests in PNMB 
during the 2010-2011 season.  The blue line indicates the average unsampled nest 
success, the red line is the average sampled nest success. 
 
 
 
39 
 
 
 
 
 
 
Figure 2.4.  The hatchling success of sampled and unsampled nests in PNMB 
during the 2011-2012 season.  The blue line indicates the average unsampled nest 
success, the red line is the average sampled nest success. 
 
 
 
Discussion 
 Bacteria have been shown in association with failed sea turtle eggs (Acuña et al., 
1990; Al-Bahry et al., 2009; Awong-Taylor et al., 2007; Campos, 1988; Craven et al., 
2007;Girondot et al., 1990; Mo et al., 1990; Patino-Martinez, 2011; Soslau et al., 2011a; 
Wyneken et al., 1988), sick or dead hatchlings (Glazebrook et al., 1993; Soslau et al., 
2011a), juveniles with pneumonia (Glazebrook et al., 1993), and diseased adults (Aguirre 
et al., 1994).  They have been found in the failed eggs of all but three sea turtle species, 
which is likely due to the lack of similar studies on these species, and not because they 
are not present. The bacterial isolates found in this study have the potential to be harmful 
to both free ranging sea turtles and developing embryos, although their mechanisms of 
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pathogenesis in sea turtles are poorly understood.  By looking at which bacteria are 
known pathogens, especially in sea turtles, it may be possible to determine which bacteria 
are most likely affecting embryo viability. Genus-level characterizations of the bacterial 
isolates found in this study follow. 
 
Acinetobacter 
Members of this genus are widely dispersed in nature and found in soil, water, 
and waste (Campos, 1988).  They are generally considered to be low-grade pathogens 
that are commensal and opportunistic (Joly-Guillou, 2005).  Some strains have been 
found to be multi-drug resistant to several antibiotics, including strains of A. baumannii, 
which were isolated from the sand in this study at PMNB.  Acinetobacter in the blood 
stream can cause septic shock, pneumonia, and even mortality in humans. Furthermore, 
Acinetobacter sp HM 746599 was discovered in leatherback hatchling blood and is 
hemolytic to both human and sea turtle blood, possibly contributing to hatchling and 
embryo mortality (Soslau et al. 2011b). In this study, Acinetobacter baumanni was 
isolated from a single sand sample during the 2011-2012 season, due to its lack of 
presence in failed eggs in this study, it is most likely not a source of embryo mortality in 
olive ridley sea turtles in PNMB, or it is one of the species that was unidentifiable in the 
eggs during the first season.  Since it was not present in the cloacal fluid, and only sand 
isolations that appeared similar to their corresponding cloacal fluid isolations were 
identified, its presence in the sand could have been selected against during 2011-2012, 
although it may still be present in eggs and sand. This may also be the case for some of 
the other isolates described below. 
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Bacillus 
Species of Bacillus are Gram-positive bacteria have been associated with failed 
loggerhead eggs (Awong-Taylor, 2007) and leatherback eggs in PNMB (Soslau et al., 
2011). It has been isolated from sand (Appendix B). On sea turtles, members of this 
genera are known to be common skin flora that are saprophytic in nature (Aguirre et al., 
1994). It has been associated with fibrinous necrotizing enteritis, granulomatous 
pneumonia, and granulomatous splenitis in dead sea turtles (Orós et al., 2005), as well as 
in association with green turtles infected with fibropapillomatosis  (Aguirre et al., 1994), 
and ulcerative stomatitis-obstructive rhinitis-pneumonia in turtles from both Hawaii and 
Australia (Aguirre et al., 2006.  In this study Bacillus was found in a single isolation of 
cloacal fluid from PNMB and a single isolation on Playa Ostional. 
 
Citrobacter 
Strains from this genus are widely distributed in plants, soil, and in the intestines 
of animals.  Clinically, they have caused abscesses, pneumonia, digestive tract infections, 
and urinary tract infections (Campos, 1988).  Citrobacter freundii, can cause septicemic 
cutaneous ulcerative disease in sea turtle species (Cooper and Jackson, 1981) and other 
species have been associated with dermal infections of adult sea turtles (George, 1997). 
In this study, only Citrobacter freundii was found in all three sample types, and was 
present in sand and cloacal samples from all three beaches (eggs samples were only 
collected during one season and only on Playa Grande).  It was the most abundant cloacal 
fluid isolate, the second most common sand isolate, and was isolated from an 
undeveloped egg.  This was the first documented occurrence of this species in the cloaca 
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of a nesting sea turtle.  Citrobacter youngae was also found in two egg samples from 
undeveloped eggs, but not isolated from the cloacal fluid or sand in that sample set.  
Members of this genus have been isolated from failed sea turtle eggs of green and 
leatherback sea turtles, as well as olive ridley eggs and sand from Playa Nancite, thus 
maybe a source of embryo mortality.   
 
Corynebacterium 
 Members of this genus are Gram-positive rods, found in soil, plants, and food 
products (Yassin et al., 2003).  Members of this genus have been found in nasal samples 
of olive ridleys in Nancite, Costa Rica (Santoro et al., 2003).  Corynebacterium sp. have 
been found in stranded juvenile loggerhead sea turtles suffering from a multifocal 
bacterial encephalitis (George, 1997) and stranded adult leatherbacks (Santoro et al., 
2006).  In this study, Corynebacterium was isolated from a single nesting female on 
Playa Cabuyal, and in two sand samples from Ostional.  It was found in samples only 
after the rainy season. 
 
Enterobacter 
Enterobacter sp. are also widely distributed in plants, soil, and in the intestines of 
animals.  In humans, they too have been known to cause abscesses, pneumonia, 
infections of the digestive tract, and urinary tract infections (Campos, 1988).  
Enterobacter sakazakii has been shown to produce enterotoxins, which can lead to 
neonatal meningitis and even mortality in humans and mice (Pagotto et al., 2003). 
Enterobacter cloacae is typically an opportunistic pathogen which can cause nosocomial 
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septicemia, urinary tract infections, and respiratory tract infections in humans. This 
species has been shown to build up resistance to antibiotics, making it a species of 
concern since it was isolated in the eggs of olive ridleys at PNMB (Jang et al., 2005). 
Members of this genus have also been found on the skin of sea turtles with 
fibropapillomatosis, a disease causing skin tumors (Work et al., 2003).  In this study, 
Enterobacter cloacae was the most common isolate from olive ridley eggs and was 
present in both undeveloped and late-stage developed eggs, as well as in a cloacal fluid 
sample.  Enterobacter sakazakii was also isolated from two undeveloped eggs in PNMB 
and the fluid from a nesting olive ridley on Playa Cabuyal, but not found in sand.    
 
Enterococcus 
Enterococcus has been isolated from green sea turtle fecal matter, as well is 
common gut flora of other organisms (Balazas, 1993).   Enterococcus faecalis was 
isolated from a cloacal fluid sample in PNMB, but not isolated from any other sample 
type, thus was not likely a contaminant.  Its presence in the cloacal fluid could be due to 
the cloaca being the common terminal point for the urogenital system.  E. faecalis has 
been known to cause an increase of endocarditis, bacteremia, urinary tract, and neonatal 
infections in humans (Vancanneyt et al., 2002).  E. faecalis has only been isolated from 
the cloacas of olive ridley sea turtles, and only in one study on Playa Nancite, Costa Rica 
(Santoro et al., 2006).  It has not been associated with egg chamber sand or unhatched 
eggs in other studies with olive ridleys or other sea turtle species, thus is most likely not a 
sea turtle embryo pathogen.  
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Klebsiella 
Members of this genus have been isolated from the mucosal surfaces of animals, 
as well as in vegetation, soil, and surface waters (Bagley, 1985). Many species, including 
Klebsiella  pneumonia, are opportunistic pathogens that can affect nearly any site of the 
body making them the cause of many nosocomial, urinary tract, and respiratory tract 
infections in humans (Struve and Krogfeit, 2004).  Klebsiella has been identified as a 
potential pathogen associated with fibropapillomatosis in green turtles (Aguirre et al., 
1994).  In this study, Klebsiella pneumoniae, was isolated from one cloacal sample, but 
found in no other sample type. 
 
Pseudomonas 
Pseudomonas is a widely distributed bacterial genus that has been associated with 
a range of diseases and infections in both free ranging and farmed sea turtles.  Strains 
from this genus have been associated with dermal infections of sea turtles (George, 
1997), as well as infections of the salt-secreting glands, and diseases of the digestive, 
respiratory, sensory, cardio-vascular, and skeletal systems of farmed sea turtles 
(Glazebrook and Campbell, 1990a; 1990b).  The most common species from this genus 
associated with nesting olive ridleys in this study was Pseudomonas aeruginosa. This 
species can be found in soil, water, waste and mammalian digestive systems.  It has also 
been shown to be pathogenic in man, certain animals, insects, and plants (Campos, 1988).  
Pseudomonas aeruginosa was isolated from three eggs containing late-stage developed 
embryos, and one undeveloped egg, as well as in a cloacal fluid sample at PNMB.  This 
species, as well as others in the genera have been isolated from failed eggs, sand, and 
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cloacal fluids of all sea turtle species in which similar studies have been conducted 
(Appendices A-C).   
 
Salmonella 
Turtles have been known to be natural carriers of Salmonella (Johnson et al., 
1998), although some Salmonella strains have been known to be pathogenic to sea turtles.  
They have been documented as causing an infection in a hawksbill, tuberculosis in a 
green turtle, chronic pulmonary mycosis in green and loggerhead sea turtles, and in 
association with trauma found in a loggerhead (Glazebrook and Campbell, 1990b).  This 
study was only able to identify Salmonella to the genus level, and was only isolated from 
a single cloacal fluid sample.  Salmonella has only been found in failed green sea turtle 
eggs in similar studies.  
 
Serratia 
 Serratia is a widespread opportunistic pathogen capable of causing respiratory 
and urinary tract infections, bacteremia, endocarditis, keratitis, arthritis, and meningitis in 
humans (Lyerly and Kreger, 1983; Maki et al., 1973).  Species of Serratia have been 
found in pericardial fluid, cerebrospinal fluid, and in the spleen of green turtles with 
septic aortic thrombosis and disseminated infection (Gordon et al., 1998).  Clinical 
isolates of these species can display hemolytic properties (König et al., 1987), which 
could adversely affect sea turtle embryo development. In this study Serratia marcescens 
was found in a single sand sample.  Serratia liquefaciens was isolated from cloacal fluid 
samples four times, as well as from a sand sample, which could indicate that it was a 
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contaminant.  Serratia odorifera was found in two sand samples as well as 4 cloacal fluid 
samples, also indicating that is may be a sand contaminant.   Serratia plymuthica was 
isolated once from fluid at PNMB.  No members of this genus were found in unhatched 
eggs in PNMB, but have been isolated from the failed eggs of loggerheads and olive 
ridleys in other studies (Appendix A).  This genera has also been isolated from olive 
ridley cloacal fluid at Playa Nancite (Appendix C). 
 
Staphylococcus 
 Species of this genus are opportunistic Gram-positive pathogens found 
commensally on skin and mucous membranes of humans and other organisms, as well as 
in soil (Madigan and Martinko, 2005).  Clinically, Staphylococcus aureus is a common 
skin flora, but some strains produce cytotoxins which lead to tissue necrosis, and even 
severe necrotic hemorrhagic pneumonia.  Strains which do not produce these cytotoxins 
are still known to be opportunistic pathogens causing infective endocarditis, pneumonia, 
urinary tract infections (UTIs), and even toxic-shock syndrome (Lina et al. 1999).  
Staphylococcus saprophyticus is a known uropathogen in humans associated with UTIs 
in females (Latham et al., 1983).  Species of this genus have been found in skin and blood 
samples of green sea turtles with fibropapillomatosis (Work et al., 2003).  Past studies 
have found species of Staphylococcus have been found in cloacal swabs of nesting green 
turtles, loggerheads, and olive ridley sea turtles (Appendix C).   
One of the most striking differences between the 2010-2011 season and the 2011-
2012 season is the lack of bacteria from cloacal fluid during the first season. This may be 
due to the samples being frozen prior to processing.  Thus during the 2011-2012 season, 
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when the samples were not frozen, far more colonies grew and subsequently were able to 
be identified.  In the first season, the freezing of samples may have caused the bacteria to 
lyse as ice crystals formed, thus drastically decreasing their viability.  Even so, the frozen 
cloacal fluid still contained fungal species, which could be explained by either the 
presence of antibacterial properties in the cloacal fluids, which was not tested in the first 
season, or fungal resilience to freezing, possibly due to the chitin in their cell walls 
(Black, 2012).  Furthermore, the samples received by the laboratory had been frozen, 
thawed, refrozen, and re-thawed when they were processed for the second time.  This 
may also explain why more bacterial colonies were found in the field than by the lab.  As 
a result of the issues experienced with isolations and sample preservation, as well as only 
selecting sand isolates which appeared to be similar to isolates in the cloacal fluid to see 
if there was potential contamination during the second season, abundance counts in this 
study are likely an under estimation. Furthermore, isolates found only in the eggs or 
cloacal fluids are not necessarily unique to the turtles, since the isolates identified from 
the sand samples were not exhaustive. However, these isolations still provide a general 
idea of what species this nesting population is being exposed to, and some potential 
pathogens which could be influencing hatchling success.     
It is also possible that sea turtles acquire more bacteria as the nesting season 
continues, as has been seen with fungi (Phillot, 2002). Two sampled turtles were 
observed nesting three times during the season.  One of the sea turtles, LN971, was 
sampled multiple times.  She first nested on November 11th, then again on November 
19th, and a third and final time on December 13th.  Isolations from her first two nests were 
sent out for identification.  At the beginning of the season, only Citrobacter freundii was 
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isolated from the cloacal fluid.  However, cloacal fluid samples from her second nest also 
contained Staphylococcus simulans, Corynebacterium sp, and Serratia odorifera.  This 
would suggest that this turtle became exposed to more bacterial species as the season 
progressed as bacteria became more abundant on the beach, as demonstrated on the beach 
in Tortuguero in Santoro et al. (2006). 
Besides eggs, fecal, and other matter also comes out of the cloaca.  In fact, even in 
this study, there was great variation in the consistencies and clarities of the cloacal fluid 
samples, as blood, fecal matter, and even a roundworm were observed.  The presence of 
all of these passing through the cloaca provides additional sources of potential 
contamination from the nesting female to her eggs. 
To identify the bacterial isolates in the field, the API 20 E systems were used, 
which have been used in similar studies with successful results (Aguirre et al., 1994; Al-
Bahry et al., 2009; Craven et al., 2007; and Santoro et al., 2006).  However, in this study 
(2010-2011 season) only three species of bacteria could be identified with this system, 
Enterobacter cloacae (n=2), Citrobacter youngae (n=2), and Pseudomonas aeruginosa 
(n=3), all from egg samples.  It is possible these systems did not work properly due to 
being unrefrigerated during transport to the study site, as they may have been in the 
cooler too long.  As a result of low identification success, samples had to be sent to 
Laboritorio Clínico y Banco de Sangre San Jose for identification.  Only Citrobacter and 
Enterobacter species could be identified after samples were re-frozen and thawed for 
laboratory identification. Awong-Taylor et al. (2007) found that the API systems used by 
the lab and in the field of this study were able to correctly identify 74% of the bacteria in 
their study.  Among those correctly identified were 86% of the Gram-negative species 
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and 33% of the Gram-positive species, thus some of the bacteria in this study may still be 
incorrectly identified by the API 20E systems and the results should be carefully 
considered.  The fact that Citrobacter freundii was commonly found in the second 
season, but was only found once in the first season with two other Citrobacter species 
could be the result of a misidentification of the API systems. 
Due to the limited identification of bacterial isolates during the first season, it is 
impossible to determine which bacteria and fungi are most often associated with lower 
hatchling success, and if contaminants found in unhatched eggs are from the nesting 
females, the sand, or were present in the eggs themselves.  This study was, however, able 
to identify some potential bacterial pathogens that have been associated with sea turtle 
nesting environments around the world.  As a result, there is now a better understanding 
of the microenvironment which may be responsible for low hatchling success at PNMB.  
Future studies should be completed at PMNB in a true laboratory setting in order to 
identify more strains and modes of contamination of sea turtles. Surveying of the 
bacterial populations associated with sea turtles (i.e. turtle microbiome) will contribute to 
other studies that seek to monitor the environmental changes (i. e. development and 
global warming) of their habitats.  Additional conservation efforts should focus on how to 
protect eggs from the microenvironment as an extension of current policies enacted to 
increase hatchling success of the depleting populations nesting within the national park.  
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CHAPTER 3 
 
ISOLATION OF FUNGI FROM SEA TURTLE NEST CHAMBER SAND, 
OVIDUCTAL FLUIDS, AND UNHATCHED EGGS 
 
 
 
Introduction 
The effects of fungal infections on sea turtle nests have been debated greatly, as to 
whether they are opportunistic saprophytes or pathogens to developing embryos.  They 
have been shown to reduce hatchling success of sea turtle eggs (Solomon and Baird, 
1980; Phillot, 2002; Sarmiento-Ramírez, 2010; Guclu et al., 2012; and Patino-Martinez et 
al., 2012), as well as infect eggs only after they have lost their natural defenses under 
laboratory conditions (Mo et al., 1990).  Since sea turtles lay eggs communally, their 
nests are particularly susceptible to fungal infection.  In fact, egg masses of communally 
laid amphibian eggs have been documented as having much higher embryo mortality 
rates due to fungus, compared to those which have been laid individually or away from 
other egg masses (Blaustein et al., 1994; Kiesecker and Blaustein, 1997; Green, 1999).  
Sea turtles lay eggs communally, rather than individually, increasing their 
vulnerability to fungal invasion.  In the case of olive ridleys nesting on arribada beaches, 
clutches are often touching several other viable or hatched clutches, putting large 
amounts of organic matter conducive to fungal growth in close proximity.  Furthermore, 
the temperature and humidity levels required to keep sea turtle eggs viable also provide 
ideal conditions for fungal growth.  Fungal infections have been shown to first appear on
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nonviable sea turtle eggs, but can spread over the surface of adjacent eggs at a rate of one 
to two eggs per day, subsequently infecting healthy eggs (Moreira and Barata, 2005; 
Phillot et al., 2001a).  Dead eggs promote the growth of pathogenic fungi within a clutch, 
thus females that lay any infertile or non-viable eggs within a clutch can jeopardize the 
rest of the eggs (Smith et al., 1995; Green, 1999; Robinson et al., 2003).   
Some herpetofauna have evolved ways to protect egg clutches from fungal 
infestation.  The evolution of parental egg care, including oophagy in amphibians 
(Crump, 1995) as well as some reptilians (Moreira and Barata, 2005), has been proven to 
reduce the mortality of other embryos in the nest.  Methods of preventing fungi from 
spreading include eating eggs, removing infected or non-viable eggs, or mechanical 
agitation which disrupts fungal mycelia (Tilley, 1972; Forester, 1979).  However, due to 
the cleidoic nature of the eggs, requiring terrestrial deposition and incubation, and the 
evolutionary changes made to the sea turtle body form for adaption to marine 
environments, making terrestrial environments uninhabitable for them, parental care 
cannot evolve in these species (Hendrickson, 1980).  As a result, fungal infection will 
continue to be a major threat to sea turtles. 
Solomon and Baird (1980) found that fungi developing on sea turtle eggs can 
affect the embryos in three ways: (1) impeding gas exchange of embryos, (2) calcium 
depletion of egg shells affecting embryo development, and (3) transfer of fungal spores 
from the allantois to the embryonic tissue.  These findings have been supported by 
numerous other studies (Phillot et al., 2006; Elshafie et al., 2004; Elshafie et al., 2007).  
The largest threat of these three is most likely the impeding of gas exchange because 
fungi first establish themselves on the egg and would most likely smother the egg before 
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it could infect the tissues (Warkentin et al., 2001). Furthermore, calcium is very 
important before the third trimester of development as sea turtle hatchlings are extracting 
calcium from the egg shell and depletion by fungi can adversely affect their development 
(Phillott et al., 2006; Solomon and Baird, 1980).  It has also been suggested that the toxic 
compounds produced by mycotoxic fungi may impair the development of embryos, thus 
contributing to egg failure, low hatchling success, and high mortality during embryonic 
development (Elshafie et al., 2007).  Common fungal species known to excrete 
mycotoxins in sea turtle eggs include Fusarium solani and F. oxysporum (Phillot, 2002; 
Sarmiento-Ramírez, 2010).  
Another potential outcome of fungal infection of eggs is that embryos close to full 
development may hatch earlier.  Some species of amphibians, fish, and reptiles have 
demonstrated plasticity in hatchling age in response to predators, (Warkentin, 1995; 
2000; Wedekind, 2002; Keisecker et al., 1999), environmental stressors (Wedekind and 
Müller 2005), and fungi.  More specifically, premature hatching caused by fungal 
infection in an egg clutch has been documented in a Coregonus species of whitefish and 
salmonids (Wedekind, 2002; Wedekind and Müller 2005), the European common frog 
(Rana temporaria: Robinson et a., 2003), the European toad (Bufo bufo, Robinson et al., 
2003), red-eyed tree frogs (Agalychnis callidryas: Warkentin et al., 2001), east African 
reed frogs (Hyperolius spinigularis: Vonesh and Bolker, 2005), and under laboratory 
conditions, the Iberian rock lizard (Lacerata monticola: Moreira et al., 2005).  Hatching 
starts at the eggs closest to the fungus and progresses as the fungus grows.  Hatchlings 
which emerge prematurely, though still viable, are often smaller and have not had time to 
absorb all of the nutrients they need from their yolks, thus they are often less developed 
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and suffer lower survivorship, as seen in side-blotched lizards (Uta stansbariana: Sinervo 
et al., 1992) and red-eyed tree frogs (Warkentin, 1995; 1999; 2000).  Interestingly, when 
a gap was created between infected eggs and viable eggs due to hatching, the viable red-
eyed tree frog embryos remained in their eggs and hatched within the range of normal 
hatching (Warkentin, 2001).   
Phillott and Parmenter (2001b) demonstrated that it is not only the presence of 
fungi, and the quickness at which they grow that can kill the eggs, but also the location of 
fungal contact and the size of the eggs themselves.  They did this by applying petroleum 
jelly to mimic the effects of fungal coverage on sea turtle eggs by covering the pore, 
impeding gas exchange.  Petroleum jelly was applied to one quarter, half, three-fourths, 
and the entire surface of flatback (Natator depressus) and green (Chelonia mydas) sea 
turtle eggs.  When the top quartile of the egg was covered, survivorship was reduced to 
40% in flatbacks and 0% in green turtles.  Mortality of the eggs increased in the flatbacks 
as more surface area of the egg was covered until there was 100% mortality at 75% 
coverage.  When they increasingly covered the southern pole, embryo survival was not 
reduced until it reached the northern portion of the egg.  When gas exchange was 
inhibited by covering a portion of the egg in close proximity to an early-stage developing 
embryo, survivorship was drastically reduced, especially for the smaller green turtle eggs.  
The flatback egg is approximately 5.2 cm in diameter, providing significantly more 
surface area for respiration, thus had higher hatch rates than the green turtle eggs which 
are only about 4.4 cm in diameter (Phillott, 2002).  It is possible that species 
differentiation in embryo mass, egg diameter, or stage-specific metabolic demands could 
determine how effective fungal impediment of gas exchange adversely affects embryos. 
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The density of fungi in the sand varies with location and season, causing variation 
in hatchling success along the beach and throughout the season.  Campos (1988) reports 
seeing a decrease of the amount of bacteria in the sand in December, when fungal 
concentrations begin to rise.  Chaves Quirós (1986) observed that as the season 
progresses there are more fungi and lower hatchling success.  However, it is still 
unknown if the fungus is killing the eggs or if they are opportunistic, infiltrating unviable 
eggs.  Temperatures rise in the dry season, and the sand at nest depth can reach lethal 
temperatures for sea turtle eggs (Matsuzawa et al., 2002).  Thus, it is not unrealistic that 
entire clutches could be dead and present themselves later merely to aid in 
decomposition.  Microfauna collect in the interstitial space between sand grains as well as 
on the sand grains themselves (McLachlan, 1983).  These interstitial spaces are subject to 
tidal and diurnal cycles, thus are constantly changing, especially on higher energy 
beaches, and during high tides.  Upadhyay et al. (1978) found that the fungal 
concentration was less in beach sand than in dune sand, but was at its highest 
concentration in grassy dunes.  They also found that the diversity of fungi increases 
gradually as the sand gets closer to the dunes and further from the low tide.  Low tide 
samples contained less moisture, higher pH levels, less organic matter, and more 
chlorides than dune sand.  These factors could be driving the distribution of fungi along 
the beach, thus playing a role in influencing the micro-community of sea turtle nests and 
having significant effects on sea turtle populations. 
This study aims to isolate and identify the fungi associated with the cloacal fluid 
of olive ridleys, their nest chamber sand, and any unhatched eggs.  This information will 
be valuable in determining which species are having the highest effect on hatchling 
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success, and whether the turtle is introducing fungus into the nest as she lays, if the eggs 
are becoming contaminated with fungi in the sand, or if the eggs already contain fungus.  
Once it is discovered which species are having the greatest influence on hatchling success 
and their mode of transmission into the eggs, conservation strategies can be formed to 
limit their effect and hopefully increase hatchling success rates.  Such strategies could 
include, but are not limited to, vaccination of adult females to prevent spread of fungi 
from mother to eggs, or introduction antifungal drugs or probiotics into nests which have 
no adverse affect on hatchlings, but target species pathogens.  It would be best if the 
probiotics used were native to the beach sand so new microorganisms are not introduce 
causing unknown effects. 
 
 Methods 
Sand and cloacal fluid samples were collected for every turtle that was found 
before she started laying her eggs in order to obtain an uncontaminated nest chamber 
sample to compare to the fluid sample.  The methods for sample collection are expressed 
in Chapter 1.  Preparations of these samples prior to culturing are explained in Chapter 2. 
 
Sample Processing 
 Sabouraud agar was used as the enrichment medium in order to select for fungi.  
Sand samples were spread-plated with 100 µL of the water from the sand-water mixture 
and thawed cloacal fluids were quadrant-streaked onto the agar plates.   Egg samples 
were obtained and processed as described in Chapter 2, except they were plated on 
Sabouraud agar and incubate with the rest of the Sabouraud sample plates in a Styrofoam 
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incubator (Hova Bator model 1602 N, Savannah, GA) at 30°C for a month to allow for 
the appearance of slower-growing fungi as well those that grew quickly.   Figure 3.1 
shows an example of fungi growing on a Sabouraud agar plate using these methods. 
 
 
Figure 3.1. (A) Sabouraud agar plate with Aspergillus from a cloacal fluid sample and 
(B) an image from its corresponding tape slide.  (Directions for preparation below). 
 
 
 
Fungal Identification 
 Once a fungus appeared on a Sabouraud agar plate, a piece of clear scotch tape 
was placed over the top of it and pulled off.  This tape was then applied to a slide 
containing a drop of lactophenol cotton blue, as described in Larone (1995) and seen in 
Figure 3.2.  Genera were identified visually (using Larone, 1995) by looking at fungal 
morphology and structures under a microscope, and using information about initial color 
and growth time; a standard method in clinical laboratories.  Fungi were grown on slides 
if the tape method disrupted fungal structures, making them unidentifiable (Figure 3.3). 
 
A B 
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Figure 3.2.  A prepared tape slide with lactophenol cotton blue. 
 
 
Figure 3.3.  Fungi growing on a microscope slide and coverslip. 
 
Fungi were grown on slides by cutting out a small section of Sabouraud agar and 
placing it on a slide.  Each side was then inoculated with a loop containing some of the 
fungal spores, and a cover slip was placed over the top.  This slide was then placed into a 
sterile petri plate with a damp paper towel and rested on short sections of disposable 
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drinking straws in order to separate the damp towel from the slide.  These were then 
placed in an incubator at 30°C for growth.  Once growth was observed, the cover slip was 
taken off and placed on a slide containing lactophenol cotton blue.  The agar was taken 
off of the original slide, a drop of lactophenol cotton blue was placed on that slide, and a 
new cover slip was applied.  Finally, to prevent drying, clear nail polish was used to seal 
the cover slip onto the slide.  Cooler temperatures can have a large effect on the 
appearance of fungal structures, as seen in thermally dimorphic fungi (Larone, 1995).  
Initially unidentifiable structures were re-isolated and incubated at 36°C, the temperature 
required for the API strip incubation (see Chapter 2).  Due to the limited number of 
incubators only one could be set above 30°C.  Samples were then sent to Laboritorio 
Clínico y Banco de Sangre San Jose for identification if fungi were still unidentifiable.  
Two of the fungal genera identified with the tape slide lactophenol cotton blue in this 
study, Fusarium and Penicillium, are shown below (Figures 3.4 A and C) next to their 
drawings from Larone (1995; Figures 3.4 B and D) to demonstrate how visual 
identification was completed.   
 
64 
 
 
 
 
 
Figure 3.4.  Visual fungal identification of (A) Fusarium with its corresponding 
drawing of structures (B), and (C) Penicillium with its corresponding drawing (D).  
Illustrations are from Larone, (1995). 
  
 
Results 
Cloacal fluids were sampled from 43 olive ridley sea turtles on Playa Grande 
between August 2010 and February 2011.  Of these 43 samples, eight were visibly 
contaminated and an additional 10 samples were possibly contaminated.  Only the 25 
visibly uncontaminated fluid samples were processed for fungal isolation and 
identification.  Of these cloacal fluid samples, only three lacked fungal growth.  Eggs 
were unable to be sampled from eight of these nests, from which four had lost their 
A
     
B
     
C
     
D
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thermocouples and were never observed to have hatched. Though attempts were made to 
find the nests, they were unable to be recovered.  One of the other nests was infiltrated 
with fire ants and an emergency excavation was conducted to pull remaining live 
hatchlings out.   Finally, two of the nests sampled were relocated after the fluid was 
obtained because it was determined that the nests were going to be washed over by the 
tides, and no sand sample was taken from the second nest chamber.  No eggs were taken 
from these nests because there was sand from the chamber where the eggs were 
incubated, thus it could not be determined whether the eggs were infected at the first or 
second location.  Of the remaining 18 nests, a total of 74 eggs were sampled and their 
fungi were isolated and identified.   
Fungi were found in association with the cloacal fluid, nest chamber sand, and 
unhatched eggs of olive ridley sea turtles as seen in Table 3.1.  The genera found in this 
study appear to also be common in the failed eggs of other sea turtles (Appendix D), the 
sand on their nesting beaches (Appendix E), and even in swabs of sea turtle cloacas 
(Appendix F).  Most of the fungi identified in this study were molds, and were present in 
the cloacal fluid.  Although sand samples contained the most isolates, many were unable 
to be identified.  Most of the yeast strains encountered were present in the sand and not in 
the cloacal fluid or eggs.   
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Table 3.1.  Summary of fungi found in sand, eggs, and cloacal fluid samples, 
and number of times isolated in each sample type. 
 
              Species  Sand Eggs Fluid 
Aspergillium sp   1 8 
Cladosporium sp 2 4 1 
Penicillium sp   3 3 
Fusarium sp     1 
Geotrichum sp     1 
Mucor sp  2  
Inconclusive 69 3 5 
 
 
Table 3.1 summarizes the genera of fungi found in each sample type.  
Cladosporium was found in all three sample types, and was the most common isolation 
from olive ridley eggs. Though not all isolations could be identified from sand samples, 
none appear to be similar in structure to Aspergillium, Penicillium, Fusarium, 
Geotrichum, or Mucor. One sample set contained Cladosporium in the sand and eggs, but 
not the cloacal fluid, and in another case it was found in the fluid and eggs, but not the 
sand.  Both Fusarium and Geotrichum were found once each in sea turtle cloacal fluid, 
and did not appear to infect the eggs.   
 
Discussion 
 Many of the fungal species isolated from eggs, sand, and cloacal fluids of olive 
ridley sea turtles on Playa Grande have been isolated from other sea turtle species around 
the world.  There are, however, some exceptions. This is the first study that has 
successfully isolated and identified Cladosporium from sea turtle nest chamber sand, 
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although it has been found in failed loggerhead eggs in Fethiye, Turkey (Appendix D) 
and in the cloacas of green turtles in Heron Reef and North West Island in Australia 
(Appendix F).  This genera’s presence in the failed eggs, but in conjunction with other 
saprophytic fungi (or bacteria from the first season), suggests that it may be pathogenic to 
sea turtle eggs.  It is important to note that the sand isolations from the sample set 
containing Cladosporium in both the fluid and the eggs  were inconclusive, but they did 
not appear to have the structures characteristic of Cladosporium, thus the presence in the 
fluid was not likely a contamination, and it is possible that the nesting female infected the 
clutch with the fungus.  However, it is also possible that Cladosporium was a 
contamination to the cloacal fluid from the sand, and was just not identified from the 
correlating sample, suggesting incubation in the sand is the cause of egg infection. 
Fusarium was the only fungus that could be found documented in the cloaca of 
nesting female olive ridleys.  This study, however, also found Aspergillium, 
Cladosporium, and Penicillium, which are known isolates from the cloacas of other sea 
turtle species, as well as Geotrichum, which has not previously been documented as a sea 
turtle cloacal fluid isolate. However, the possibility that these genera, especially 
Fusarium, influenced hatchling success cannot be ruled out because only 3 eggs were 
recovered from the nest of the turtle containing Fusarium (only 1 of which had not 
hatched).  All of these strains, as well as others that may be present in the sand, but lost 
due to the freezing of samples, could potentially influence the nests in different ways.  
Though most of the identified fungi are saprophytic in nature, some have been shown to 
be dangerous pathogens, at least opportunistically, of sea turtles and other animals.  
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These genera could be influencing the hatchling success of sea turtles, as seen in Cape 
Verde (Sarmiento-Ramírez, 2010), thereby causing the decline of populations.  
  
Aspergillium 
 Members of this genus are typically fast-growing, saprophytic fungi and are 
common isolates of sea turtle cloacal swabs in Australia (Phillott, 2002).  They are 
commonly isolated from soil and decomposing plants, playing an important role in global 
carbon and nitrogen recycling.  There are about 200 species in this genus, some of which 
have been identified as plant and human pathogens (Dagenais and Keller, 2009).  
Clinically, they are typically found in immunocompromised patients (Larone, 1995) and 
have been associated with reptile intestines at low incidences (Gugnami and Okafor, 
1979).   In the cloaca of sea turtles they are found in the highest concentrations during 
inter-nesting intervals (Phillott et al., 2002).  This suggests that sea turtles come in to 
contact with Aspergillus strains while nesting.  Some strains have been show to produce 
immunosuppressive mycotoxins, such as gliotoxin.  However, these are generally 
produced at higher temperatures and oxygen concentrations than found in natural sea 
turtle nests, thus not likely to be the reason for embryo mortality (Kamb and Watanabe, 
2005).  In this study, Aspergillus was the most abundant isolate from cloacal fluid, and 
was also found in association with failed eggs.  Species of this genus have been found in 
association with failed eggs, egg chamber sand, and cloacal fluid of many other sea turtle 
species (Tables 3A-C), thus it is probably a ubiquitous strain that is opportunistic in 
turtles. 
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Cladosporium 
  Members of this genus are nonpathogenic saprophytic contaminants with slow to 
moderate growth rates. They have, however, been found to occasionally be pathogenic as 
a source of infection for superficial and deep mycosis (Sidrim and Moreira, 1999), and 
can produce mycotoxins which could potentially influence embryo development (Brӓse et 
al., 2009). For instance, Cladosporium has been isolated from the pulmonary nodules of 
maricultured green turtles with mycotic pneumonia (Jacobson, 2000).  They prefer lower 
temperatures, thus most strains will not grow at 37ᵒ C (Larone, 1995). Lower instances of 
Cladosporium have been documented in the cloacas of pregravid and courting females 
compared to nesting females.  Adding to this, the highest incidences of Cladosporium 
have been found in inter-nesting females, further indicating that these fungi are probably 
contracted from the nesting environment (Phillot et al., 2003), even though this was the 
first study to isolate it from egg chamber sand.  Strains of this fungus have been isolated 
from sand and water on popular beaches, with an increase of occurrence in sand during 
the rainy season (Gomes et al.) In this study, Cladosporium was found in all three sample 
types and it was the only identifiable genus found in sand samples.  Though it is possible 
that its presence in both sand and cloacal fluid is the result of contamination, since it was 
found in both sample types for the same turtles, strains of this genus have also been 
isolated from failed eggs of loggerheads as well as from the cloacal fluid of green sea 
turtles, suggesting that they could be present in the environment and in the turtles 
(Appendices D-F). 
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Geotrichum 
 Species of this genus are typically rapid growing at cooler temperatures, between 
25-37°C.  Geotrichum is generally found as a saprophytic fungus in soil and decaying 
vegetation; however, it will infect the tissues of immunocompromised hosts (Ng et al., 
1994).  For instance, it causes the infection geotrichosis in humans, which produces 
lesions in the lungs, mouth, intestines, vagina, and skin in compromised hosts (Larone, 
1995).  It has been isolated from the wounds of captive juvenile hawksbills in the 
Philippines (Sison et al., 1990) and Geotrichum versiforme has been shown to discolor 
and thicken chicken egg membranes, killing embryos within five days of inoculation due 
to an edematous reaction (Moore, 1941).  Since sea turtle eggs develop similarly to 
chicken eggs, it is possible Geotrichum could have similar effects on developing sea 
turtle embryos.  This study is the first to document a species of Geotrichum in a nesting 
sea turtle.  This genus has not been associated with the nesting environment in other 
studies. 
 
Fusarium 
 Members of this genus are found in soil and dead or decaying plant matter. It can 
also be a rapidly growing pathogen of plants and other marine organisms, capable of 
producing potent mycotoxins capable of making even a healthy host sick (Larone, 1995), 
It was common among sea turtle cloacal swabs in Australia, where it was found in its 
highest concentration in the sea turtle’s cloaca during inter-nesting intervals, suggesting 
that turtles become contaminated when nesting (Phillott, 2002). There have been two 
cited cases of F. solani causing cutaneous hyalophomycosis in captive sea turtles 
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(Cabañas et al., 1997; Rebell, 1981) and in sea turtle nests, the opportunistic F. solani 
primarily infects a non-viable egg before spreading to other viable eggs (Phillott, 2001b), 
causing up to 100% nest mortality (Sarmiento-Ramírez, 2010).  Fusarium was found in a 
single isolation of olive ridley cloacal fluid in this study.  However, it is a very important 
find because species from this genus have been found in the failed eggs of all species of 
sea turtles (Appendix D) and isolates from this genus are also relatively common in 
cloacal fluids of other species nesting around the world (Appendix F). Fusarium has also 
been found in the sand from the egg chambers of green, loggerhead, and olive ridley sea 
turtles (Appendix E), although it may also be present in the sand of nesting chambers 
from other turtles that have not yet been studied.    
 
Mucor 
 This genus is often found near the surface of dung lying on the ground (Domsch 
et al., 1980) and Mucor strains have been known to produce aflatoxins in plants (Smith, 
2002).  It grows rapidly, especially at temperatures lower than 37°C (Larone, 1995), 
making sea turtle nests, especially during the rainy season, perfect for strains of this 
fungus. It has been found in sea turtle cloacal swabs in Australia where strains from this 
genus were the highest concentration in the sea turtle’s cloaca during inter-nesting 
intervals (Phillot, 2002). In this study, Mucor was associated with unhatched eggs.  
Members of this genus have been found occasionally in failed eggs, egg chamber sand, 
and cloacal fluid samples of few other sea turtle species. 
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Penicillium 
 This genus is a common isolate of soil and dead or decaying plant matter. They 
can produce potent mycotoxins, resulting in many mammalian diseases and making them 
efficient saprophytes (Pitt, 1994).  Strains of this genus have been described as anywhere 
from benign to true pathogens.  These strains grow best at temperatures below 37°C, thus 
they could grow well in sea turtle nests (Pitt, 1994).   Penicillium was commonly found in 
sea turtle cloacal swabs in Australia, where the isolates occurred most often during inter-
nesting intervals, with fewer instances occurring in turtles that have not nested in at least 
one year (Phillot, 2002).   Penicillium was found in unhatched eggs and cloacal fluid in 
this study.  Species from this genus have also been found in failed eggs, egg chamber 
sand, and cloacal fluid of some other sea turtle species (Appendices D-F). 
 Sample sizes for individual fungal genera were not large enough to determine 
hatchling success of nests containing a particular fungus compared to other nests on the 
beach.  As a result, it is still unknown which fungal type is linked to low hatchling 
success on Playa Grande, although fungi were found in association with nests with low 
hatchling success (i.e. Cladosporium), they were also found in association with nests well 
above the average hatchling success (i.e. Penicillium). The most likely reason that more 
samples did not contain fungi was probably due to the freezing done for sample storage.  
Although fungi are more likely to withstand freezing than bacteria due to the presence of 
chitin, their level of resistance can vary and some less resistant strains were most likely 
lost in the process.  Unfortunately, the olive ridleys began nesting before all of the 
supplies were attained and since there was no true laboratory, freezing was the only 
option to avoid a complete loss of samples.  Subsequent samples were also placed in the 
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freezer to keep methods consistent. By the time the samples were processed, they had 
been frozen, thawed, plated, and refrozen.  Many samples, especially yeasts, were lost 
after the original plating.  As a result, Table 3.1 can only make note presence of colonies 
that were unidentifiable because they were lost between the first attempt at field 
identification and when samples were sent away to a clinical laboratory for identification, 
probably due to the refreezing of thawed samples.  However, many isolates were still able 
to be identified, providing an idea of the fungi associated with sea turtle nesting 
environment on Playa Grande. 
Extensive research on the fungi associated with the nesting environment has only 
recently begun and has focused on Fusarium oxysporum, Fusarium solani, and 
Pseudallescheria boydii, with the greatest emphasis being placed the Fusarium genus 
(Patino-Martinez, 2012; Phillott et al., 2002; Sarmiento-Ramírez, 2010).  F. solani has 
been shown to cause 100% mortality of loggerhead nests in Boavista, Cape Verde, 
causing a significant drop in the population (Sarmiento-Ramírez, 2010).  Its presence has 
also been shown to reduce the size and weight of leatherback hatchlings in a manner 
dependent upon when the fungus was inoculated under laboratory conditions, without 
reducing the hatchling success of these larger eggs (Patino-Martinez, 2012).  It was not, 
however, documented whether or not the fungal infested nests hatched earlier than 
uninfected nests, contributing to their smaller size.  Studies should be conducted with 
more fungal strains, including those which do not secrete mycotoxins, to better 
understand the effects of  all fungal types on hatchling success.  It would also be 
important to note if the fungi cause sea turtle eggs to hatch earlier or reduce the fitness of 
hatchlings, as is currently being researched (Fisher et al., 2012).   Such measures of 
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fitness could include the ability of hatchlings to right themselves if flipped over, orient 
towards the water, and swim.  
Since it is unknown how any fungus affects surviving embryo fitness, it is 
important for future studies to determine fungal influence on hatchling fitness in order for 
conservation measures to be made.  It is reasonable to assume that if a fungus causes eggs 
to hatch early and produce smaller hatchlings, there will be adverse effects on hatchling 
fitness.  On the other hand, Vonesh and Bolker (2005), found predator-induced early 
hatchlings of the East African reed frog, Hyperolius spinigularis, survived better than 
non-predator induced hatchlings and grew faster than those which hatched naturally.  
However, for embryos with fungal invasion of their eggs to hatch early they would first 
have to develop to the stage where they could be viable hatchlings, and for this to happen 
fungi would have to be introduced in the nest towards the end of incubation.  Thus, 
studies should look at how fungi affect embryos throughout development. 
Phillott (2002) discovered that fungal growth can be inhibited for a couple of days 
by the presence of sea turtle cloacal fluids under laboratory conditions. This suggests that 
the cloacal fluid can briefly protect a clutch from fungal invasion.  However, after these 
first couple of days the fungi rapidly populated the petri plates, suggesting a few 
explanations: either the fungus could not grow (1) due to the anoxic properties of the 
fluid (Rafferti et al., 2012), (2) because the fluid contained limited antimicrobial 
properties, or (3) the fluid physically washes away the fungi. 
 The true effects of fungi on sea turtle nests have only begun to be researched, but 
for the most part these studies have been limited to only a few strains on select sea turtle 
species.  We cannot protect eggs from the microenvironment until we know the exact 
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parameters are by which hatchling success is being reduced.  This is why more research 
must be conducted to determine the influence of a wide range of fungal strains on embryo 
survivability.  Though few hatchlings make it to adulthood, even slight increases in 
hatchling success have the potential to change the fate of dwindling populations. 
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CHAPTER 4 
 
ANTIMICROBIAL TESTING OF CLOACAL FLUIDS BY KIRBY-BAUER DISK 
DIFFUSION 
 
Introduction 
 
 It has been suggested that sea turtle cloacal fluids contain antimicrobial properties 
to protect their eggs from microorganisms present in the egg chamber sand (Soslau et al., 
2011b; see Phillott, 2002, communication with C.J. Limpus, pg 155). These clear liquids 
are made up of glyco-proteins secreted from the cloaca, and coat the eggs as they are 
deposited into the egg chamber. The exact purpose of this fluid is unknown, although one 
of its purposes is most likely to be a lubrication during egg deposition, it has also been 
speculated that the purpose of the fluid is to suspend the eggs in a state of hypoxia to 
prevent embryos from reaching the stage of development where they are sensitive to 
movement-induced mortality as the rest of the clutch eggs are formed (Rafferty and 
Reina, 2012).  It has also been suggested that this fluid, which is mucous-like in 
consistency, could help reduce egg speed as they are dropped , or that the fluid allows 
sand to stick to the outside of the egg shell and prevent sand from moving and filling up 
the spaces between eggs, causing air pockets (Silas and Rajagopalan, 1984).  Olive 
ridleys drop 250-500 mL of fluid on a single nest, potentially providing ample protection 
if antimicrobial properties are present (Silas and Rajagopalan, 1984).  Since olive ridleys 
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are one of the smallest sea turtle species, it is likely that larger species secrete more fluid 
to protect their eggs. 
Glyco-protein cloacal secretions also exist in freshwater turtles and when they 
aren’t present, hatchling success may be reduced.  For instance, Ewert (1985) found that 
when the fluid was washed off of the eggs, fresh water turtle eggs succumbed to infection 
more easily.  Furthermore, Phillott (2002) discovered that cloacal fluids can also deter 
fungal growth for several days, thus if the fluid has the ability to defend against fungi, it 
may also be able to defend against bacterial growth.  It is unknown, however, if the fluid 
is capable of defending eggs against microorganisms once it dries. Other proteins, such as 
those found in the albumen of eggs, have been proven to defend against microorganisms 
(Phillott, 2002).  Al-Bahry et al. (2009) found that the lowest concentration of bacteria 
was in the albumen of the eggs, and linked this observation to antimicrobial chemical 
defense properties of the albumen proteins.  It is possible that similar proteins could be 
present in cloacal fluid, thus having similar defenses to protect eggs, especially at the 
beginning of incubation when embryos are most vulnerable. To determine the nature of 
the defenses imparted by the cloacal fluid, the purpose of this investigation is to identify 
any antimicrobial properties in the cloacal fluid of olive ridleys. 
It is not unusual to suspect that antimicrobial properties may be present in the 
cloacal fluids, as antimicrobial properties are relatively common under natural conditions 
in plants, invertebrates, and vertebrates.  There are various ways in which these fluids 
could obtain antimicrobial properties, such methods include through the use of peptides, a 
common method utilized by plants (Pelegrini et al., 2011), mutualistic relationships with 
other bacteria, as occurs in the human cervical mucus (Dawson, 2011), through 
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antibodies passed which can then be passed from mother to offspring, a method often 
used in mammals (Harris et al., 2006), or they can be sequestered from their diet since 
many sea turtle food organisms are known to produce antimicrobial compounds 
(Dawson, 2011).  Phillott (2002) found antifungal properties in the cloacal fluids of 
flatback, green, hawksbill, and loggerhead sea turtles, but the defenses against fungi did 
not last more than a few days. The mucus of other organisms, such as fish, amphibians, 
and humans have been proven to contain antifungal and antibacterial properties (Dawson, 
2011).  Plants are also known to contain antifungal peptides (Fehlbaum et al., 1994).   
Insects, such as Drosophila have been also been shown produce antifungal peptides 
(Fehlbaum et al., 1994), as well as antibacterials (Otvos, 2000).  Peptides have been 
shown to defend the South African clawed frog (Xenopus laevis) against bacteria, as well 
as the pathogenic fungus Batrachochytrium dendrobatidis, which is known to cause 
Chytridiomycosis, a disease known to be lethal in frogs (Gammill et al., 2012).  They 
have even been found in human amniotic fluids as an important part of the immune 
response to microbial invasion of the amniotic cavity (Soto et al., 2007).  
There are different ways in which peptides kill microorganisms, but it is best 
understood with bacteria.  Bacterial membranes, unlike eukaryotes, contain negatively 
charged phospholipids on the outer surface.  Under the Shai-Matsuzaki-Huang model, 
which most peptides follow, the positively charged terminals of the peptides bind to the 
negatively charged bacterial membranes, disrupting the membrane structure and causing 
depolarization of the cell (Zasloff, 2002).  Other strategies include the binding of peptide 
nisins to the fatty acyl proteoglycan anchor in the bacterial membrane, where it can then 
diffuse throughout the rest of the membrane (Brötz et al., 1998), a strategy used similarly 
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by plant defensins (Thevissen et al. 2000).  It is unknown exactly how the bacterial cells 
are killed by the presence of peptides, however, it has been hypothesized that it is caused 
by the depolarization of the cell itself, the creation of holes in the membranes which 
causes cell contents to escape, degradation of the cell wall or disturbing membrane 
functions, or even damaging intracellular targets after internalization of peptides (Zasloff, 
2002).  Unlike traditional antibiotics, it is more difficult for bacteria to build up resistance 
to these peptides because they would have to reorganize their membrane structures, 
which is considered to be a costly defense for microorganisms (Zasloff, 2002). 
Antibiotics, on the other hand, effect microorganisms in one of five ways: 1) 
inhibiting cell wall synthesis, 2) disrupting the cell membrane function, 3) inhibiting 
protein synthesis, 4) inhibiting nucleic acid synthesis, or 5) through antimetabolites 
(Black, 2012).  Their modes of action can be through killing (bactericidal) or inhibiting 
the growth of cells (bacteriostatic).  Although most of the antibiotics purchased over the 
counters today are semisynthetic, the original antibiotics used to treat various ailments 
existed naturally, and their properties are what synthetic antibiotics are derived from.  For 
instance, avermectin is an antibiotic important in both human and veterinary medicine, 
but is produced as secondary metabolite found in the common soil bacterium, 
Streptomyces avermitilis (Ōmura et al., 2001).  
Several methods have been documented in order to identify the antimicrobial 
properties of a variety of substances (Lalitha, 2005).  Agar dilution involves conducting a 
dilution of the suspected antimicrobial and adding 1mL of each diluted antimicrobial to 
19mL of non-selective liquid agar in a Petri plate.  These plates are then allowed to set 
and inoculated with a multiple inoculator or loops of test or indicator organisms.  The 
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first plate dilution with ≥ 99% inhibition marks the Minimum Inhibitory Concentration 
(MIC) of the antimicrobial effective against the test organism.  Agar dilution is 
advantageous because several organisms can be tested on a single plate (Lalitha, 2005).  
Micro-broth dilution is another common method for antimicrobial testing.  It is 
performed by creating a dilution series with antibiotics, and then adding a fixed amount 
of a test organism suspension to each test tube.  The MIC for the antibiotic against the 
organism is determined as the lowest concentration showing growth inhibition, judged by 
a lack of turbidity in the tube (Lalitha, 2005).  Agar diffusion (also known as disk 
diffusion and the Kirby-Bauer test) is completed by making a cell suspension of a test 
organism with turbidity equal to a 0.5 McFarland standard, and then evenly spreading the 
cell suspension on Mueller-Hinton agar.  Mueller-Hinton is considered the best media for 
disk diffusion of bacteria for several reasons: 1) it shows acceptable batch to batch 
reproducibility, 2) it is low in sulphonamide, trimethoprim, and tetracycline inhibitors, 3) 
it gives satisfactory growth of most nonfastidious pathogens, 4) a large body of data and 
experience has been collected concerning susceptibility tests performed with this medium 
(Lalitha, 2005).  Once the suspension has dried on the agar, discs containing antibiotics 
are placed on the agar and incubated.  Areas around the disks of no bacterial growth will 
appear if the bacteria used are susceptible to the antibiotic.  The diameters of these zones 
of inhibition are measured and compared to a table created of standards determined by 
the National Committee for Clinical Laboratory Standards for bacterial susceptibility to 
each antibiotic (Lalitha, 2005).  Another common method is the epsilometer test (E test).  
This is a quantitative method which uses both dilution and diffusion.  Strips with a 
predefined stable antimicrobial gradient are applied to agar plates containing bacteria.  
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An elliptical zone of inhibition is created around this strip, and the MIC is where the zone 
intersects the strip.  There are other methods of antimicrobial testing, including automatic 
methods, but these are the most common, and others are based off of these principles.   
Baker et al. (1991) compared agar dilution, microbroth dilution, and agar 
diffusion susceptibility testing with the less widely used E Test (AB Biodisk, Solna, 
Sweden) using 14 antimicrobial agents against 55 Gram-positive and 140 Gram-negative 
bacteria, in order to determine which test was most accurate.  They found all methods 
were agreeable with each other for both Gram-positive and Gram-negative bacteria.  
However, not all of these methods are practical in the field, thus were not used for this 
study.  For instance, gradient strips cannot be prepared for cloacal fluids containing 
unknown concentrations of antimicrobials, and amounts potentially vary between turtles, 
thus the E test could not be used.  A modified version of broth dilution was attempted in 
the field, but it was too expensive and required more resources than was feasible for the 
laboratory.  Agar dilution was not a good choice because media was sterilized in a 
household pressure cooker, and only 150mL could be made at a time, making this method 
impractical.  As a result, disk diffusion was the method selected for determining 
antimicrobial properties in cloacal fluid, because agar plates could be purchased pre-
made.   The Kirby-Bauer disk diffusion method is a common method for testing the 
susceptibility of bacteria to antibiotics, and was the most suitable choice. 
 
Methods 
 Samples were collected according the methods described in Chapter 2. During the 
2011-2012 season, the Kirby-Bauer disk diffusion test was completed in order to identify 
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any antimicrobial properties of the cloacal fluids.  Two different types of media were 
used, Mueller-Hinton agar, the standard used for disk diffusion, and nutrient agar, in case 
differential nutrients alter antimicrobial susceptibility.  Since there were no autoclaves 
available in the field laboratory on-site, all media was ordered premade in individual Petri 
plates (Prelab South America, Tibás, Costa Rica) and delivered to the field site by city 
bus.  The control strains used in the cell suspensions were the Gram-negative 
Enterobacter cloacae (ATCC 700323), penicillin resistant Gram-positive Staphylococcus 
aureus (ATCC 25923), and Gram-negative Pseudomons aeruginosa (ATCC 27853), 
donated by Laboritorio Clínico y Banco de Sangre San Jose (Costa Rica).   
Trial Kirby-Bauer tests were conducted to determine which antibiotics would be 
best for experimentation.  Enterobacter cloacae and Pseudomons aeruginosa were 
chosen because they were the most abundant isolates found in eggs during the 2010-2011 
season.  This particular strain of Staphylococcus aureus was chosen because it allows for 
an understanding of how resistant bacterial strains may react to any cloacal antimicrobial 
properties that may be present in cloacal fluid.  Ciprofloxacin was chosen because it was 
the strongest available antibiotic disk against the three bacterial strains selected at the 
time when methods were being determined.  Erythromycin was chosen because the 
Staphylococcus aureus strain used was resistant to it, allowing for comparisons of 
resistance and susceptibility to be made between antibiotics and cloacal fluids.   
Filter disks were created using a standard hole punch on Whatman No. 1 filter 
paper.  These disks were then placed in a jar, run through an autoclave, and then 
transported to the field site.  When filter disks had to be made in the field, they were 
sterilized with a household pressure cooker using the same methods as the sterilization of 
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the distilled water an pipette tips (Chapter 1).  After the jar and disks were sterilized, the 
jar was then placed in a drying oven until all moisture was evaporated, eliminating the 
chance of residual moisture in the disks which could skew the antimicrobial testing.  
 Every night after patrol, fourteen sterile disks per sample were dipped into the 
cloacal fluid, and then placed in a sterile petri plate to dry over night.  The next morning, 
cultures of the ATCC bacterial strains were started in 5 mL of nutrient broth (sterilized 
by pressure cooking also).  The turbidity of these cultures was visibly compared to a 
picture of a 0.5 McFarland standard, as physical McFarland standards could not be 
purchased (Figure 4.1).  Once the turbidity of the cultures matched the turbidity of the 
picture, the cultures were plated on both Mueller-Hinton and nutrient agar plates. 
 
 
 
Figure 4.1.  Comparing bacteria cultures (left) to 0.5, 1.0, 2.0, 
and 3.0 McFarland standards (right).  Small amounts of fresh 
culture were poured into a tube of nutrient broth for dilution, 
until it matched the 0.5 standard.   
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Plates were prepared by dipping a cotton swab into the bacterial culture.  Each 
plate type was then completely swabbed, rotated 30°, completely swabbed again, then 
rotated and swabbed a third time with each bacterium.  At this point, four disks were 
placed on each plate.  These disks consisted of 5 µg ciprofloxacin, 15 µg erythromycin, a 
blank disk, and a disk containing cloacal fluid.  When the disks were finished being 
prepared, they were wrapped in parafilm (to keep small insects out) and placed in 
incubators.   
Each bacterium and media type was incubated at 30°C and 37°C in Styrofoam 
incubators (Hova Bator model 1602 N, Savannah, GA).  The reason for incubating at 
these temperatures is that 30°C is close to the average nest temperature of olive ridley 
nests on the beach, and 37°C is the standard temperature used for clinical microbiology.  
The zones of inhibition were measured to the nearest millimeter after 24 hrs, as is 
standard procedure.  Plates incubated at 30°C were incubated for 48 hrs before 
measurements were taken.  This longer incubation time was in case the cooler 
temperature caused slower bacterial growth.  Figure 4.2 shows the basic setup of the 
experiment for each turtle at a given temperature. 
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Figure 4.2.  Kirby-Bauer experiment for cloacal fluid from turtle LN946 incubated for 
24 hrs at 37°C on nutrient agar (top row) and Mueller-Hinton agar (bottom row).  
Beginning with the disks in the upper left hand corner and moving clockwise are 
erythromycin (15 µg), ciprofloxacin (5 µg), blank (no antibiotic), and cloacal fluid.  
The bacteria on each plate are as follows:  Enterobacter cloacae (left), 
Staphylococcus aureus (middle), and Pseudomonas aeruginosa (right). 
 
 
Results 
 Before the assays were performed, a test trial was conducted to determine which 
technique a method to administer fluid onto the disks. These techniques included: dipping 
disks in fluid until saturated, then drying them, leaving them damp, pipetting 5 µL of 
fluid onto disks, and pipetting 10 µL of sterile distilled water before 5 µL of fluid in 
hopes to dissipate the fluid more evenly.  Results from the test run indicated the presence 
of antimicrobial properties in the cloacal fluid of olive ridleys at PNMB when applied to 
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nutrient agar containing Pseudomonas aeruginosa and incubated at 37°C over-night 
(Table 4.1).  Unlike Kirby-Bauer disk diffusion completed with purchased antibiotics, the 
zones created on the plates from the fluid were not perfect circles.  As a result, zone 
diameters were measured, rotated 60° and measured, then measured and rotated a final 
time, and the average was recorded. Unfortunately, results could not be repeated in over 
34 olive ridley cloacal fluid samples and five Eastern Pacific green turtle cloacal fluid 
samples run on Kirby-Bauer experiments (Tables 4.2A-C and 4.3 A-C) during the 2011-
2012 season. 
 
Table 4.1.  Preliminary results of cloacal fluid tests using Pseudomonas aeruginosa 
incubated at 37°C on nutrient agar. 
 
Sample 
Inhibition Zone 
Diameter (mm) 
AVG SD 
1 2 3 
Dry dipped LN907 10 10 10 10 0 
Dry dipped LN915 10 10 10 10 0 
Dry dipped LN920 11.5 12 12 11.83 0.29 
Dry dipped LN924 11 11 11 11 0 
Damp dipped LN924 0 0 0 0 0 
5 µL cloacal fluid pipetted (LN920) 11 11 12 11.33 0.58 
5 µL fluid with 10 µL H2O pipetted (LN920) 11 12 11 11.33 0.58 
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Table 4.2.  (A) Results of Kirby-Bauer disk diffusion with Enterobacter cloacae and 
olive ridley sea turtle cloacal fluid. 
 
  30 NA Results 37 NA Results 30 MH Results 37 MH Results 
Turtle F C E B F C E B F C E B F C E B 
LN904* 0 38 0 0 0 32 0 0 0 29 0 0 0 27 0 0 
LN936 0 34 0 0 0 37 0 0 0 27 0 0 0 27 0 0 
LN931 0 35 0 0 0 37 0 0 0 27 0 0 0 27 0 0 
LN957 0 25 26 0 0 34 0 0 0 28 0 0 0 27 0 0 
LN971* 0 34 0 0 0 36 0 0 0 30 0 0 0 28 0 0 
LN950* 0 33 0 0 0 28 0 0 0 25 0 0 0 25 0 0 
MP935 0 32 0 0 0 36 0 0 0 28 0 0 0 28 0 0 
LN943 0 30 0 0 0 25 0 0 0 25 0 0 0 24 0 0 
MP909 0 35 0 0 0 34 0 0 0 27 0 0 0 25 0 0 
MP967 0 38 0 0 Not tested 0 25 0 0 Not tested 
LN946 0 34 0 0 0 30 0 0 0 26 0 0 0 26 0 0 
MP902 Not tested 0 31 0 0 Not tested 0 29 0 0 
MP926 0 23 0 0 0 33 0 0 0 25 0 0 0 30 0 0 
MP904 0 33 0 0 0 27 0 0 0 25 0 0 0 25 0 0 
MP927 0 35 0 0 0 30 0 0 0 26 0 0 0 26 0 0 
MP982 0 40 0 0 0 36 0 0 0 30 0 0 0 25 0 0 
MP937 0 27 0 0 0 35 0 0 0 27 0 0 0 26 0 0 
OS01 0 34 0 0 0 33 0 0 0 29 0 0 0 27 0 0 
OS02 0 30 0 0 0 31 0 0 0 29 0 0 0 28 0 0 
OS03 0 30 0 0 0 30 0 0 0 28 0 0 0 25 0 0 
OS04 0 33 0 0 0 30 0 0 0 27 0 0 0 26 0 0 
OS05 0 34 0 0 0 30 0 0 0 25 0 0 0 25 0 0 
OS06 0 34 0 0 0 35 0 0 0 26 0 0 0 25 0 0 
OS07 0 30 0 0 0 33 0 0 0 25 0 0 0 25 0 0 
OS08 0 36 0 0 0 35 0 0 0 25 0 0 0 20 0 0 
OS09 0 30 0 0 0 30 0 0 0 21 0 0 0 24 0 0 
OS10 0 30 0 0 0 25 0 0 0 25 0 0 0 24 0 0 
OS11 0 33 0 0 0 33 0 0 0 26 0 0 0 24 0 0 
OS12 0 33 0 0 0 34 0 0 0 33 0 0 0 27 0 0 
OS13 0 30 0 0 0 31 0 0 0 27 0 0 0 28 0 0 
OS14 0 34 0 0 0 31 0 0 0 26 0 0 0 26 0 0 
MP714 0 40 0 0 0 35 0 0 0 28 0 0 0 27 0 0 
MP734 0 34 0 0 0 34 0 0 0 29 0 0 0 30 0 0 
MP708 0 29 0 0 0 26 0 0 0 25 0 0 0 27 0 0 
MEAN 
  
32.73 
 
 
32.03 
 
 
26.79 
 
 
26.15 
 
STDEV 3.77 3.34 2.19 1.97 
 
Table shows the results of Kirby-Bauer disk diffusion on nutrient agar (NA) and Mueller- 
Hinton agar (MH) incubated at 30°C and 37°C with olive ridley cloacal fluid.  The letters 
F, C, E, and B represent cloacal fluid, ciprofloxacin (5 µg), erythromycin (15 µg), and 
blank filter disks, respectively, placed on each plate.  Numbers beginning with LN9 and 
MP9 are from Playa Grande.  OS indicates turtles found on Playa Ostional, thus are 
arribada turtles.  Turtles starting with MP7 are olive ridleys from Playa Cabuyal.  The * 
indicates that it was not the turtle’s first time nesting during 2011-2012.  Measurements 
were made in mm.  Occasionally there was not enough fluid to conduct the experiments 
at both temperatures, thus experiments were conducted at one temperature. 
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Table 4.2.  (B) Results of Kirby-Bauer disk diffusion with Staphylococcus aureus and 
olive ridley sea turtle cloacal fluid. 
 
  30 NA Results 37 NA Results 30 MH Results 37 MH Results 
Turtle F C E B F C E B F C E B F C E B 
LN904* 0 22 22 0 0 25 23 0 0 25 27 0 0 22 24 0 
LN936 0 22 24 0 0 25 23 0 0 22 24 0 0 23 22 0 
LN931 0 24 22 0 0 22 23 0 0 27 27 0 0 22 22 0 
LN957 0 22 25 0 0 24 22 0 0 37 0 0 0 24 25 0 
LN971* 0 22 21 0 0 21 23 0 0 25 29 0 0 24 25 0 
LN950* 0 22 24 0 0 21 23 0 0 23 24 0 0 22 24 0 
MP935 0 23 25 0 0 24 22 0 0 26 25 0 0 26 26 0 
LN943 0 23 25 0 0 23 23 0 0 22 24 0 0 23 22 0 
MP909 0 21 23 0 0 24 24 0 0 23 23 0 0 23 20 0 
MP967 0 20 25 0 Not tested 0 23 24 0 Not tested 
LN946 0 20 21 0 0 20 21 0 0 22 22 0 0 23 22 0 
MP902 Not tested 0 40 32 0 Not tested 0 34 32 0 
MP926 0 30 30 0 0 30 30 0 0 30 36 0 0 30 31 0 
MP904 0 39 30 0 0 33 34 0 0 28 28 0 0 31 34 0 
MP927 0 35 36 0 0 35 34 0 0 33 37 0 0 31 31 0 
MP982 0 26 28 0 0 26 24 0 0 26 29 0 0 23 23 0 
MP937 0 22 24 0 0 24 23 0 0 27 25 0 0 22 22 0 
OS01 0 24 25 0 0 26 24 0 0 27 25 0 0 24 25 0 
OS02 0 26 24 0 0 25 24 0 0 27 24 0 0 22 24 0 
OS03 0 23 25 0 0 25 24 0 0 23 25 0 0 23 24 0 
OS04 0 24 24 0 0 26 23 0 0 25 25 0 0 21 21 0 
OS05 0 22 24 0 0 25 23 0 0 23 25 0 0 22 21 0 
OS06 0 21 24 0 0 25 24 0 0 25 24 0 0 20 22 0 
OS07 0 23 24 0 0 26 24 0 0 23 23 0 0 23 24 0 
OS08 0 23 24 0 0 25 23 0 0 21 22 0 0 25 23 0 
OS09 0 23 22 0 0 25 25 0 0 22 21 0 0 21 23 0 
OS10 0 24 24 0 0 25 23 0 0 21 23 0 0 19 21 0 
OS11 0 25 23 0 0 25 23 0 0 24 23 0 0 20 22 0 
OS12 0 24 25 0 0 26 24 0 0 22 24 0 0 25 0 0 
OS13 0 21 21 0 0 22 21 0 0 21 24 0 0 20 23 0 
OS14 0 25 24 0 0 23 23 0 0 24 25 0 0 20 20 0 
MP714 0 40 37 0 0 35 35 0 0 36 39 0 0 36 38 0 
MP734 0 40 40 0 0 40 35 0 0 34 34 0 0 34 35 0 
MP708 0 20 23 0 0 22 22 0 0 21 24 0 0 20 22 0 
MEAN 
  
24.88 25.39 
    
26.15 24.97 
    
25.39 25.27 
    
24.18 24.03 
  STDEV 5.56 4.48 4.99 4.16 4.30 6.31 4.46 6.27 
 
Table shows the results of Kirby-Bauer disk diffusion on nutrient agar (NA) and Mueller-
Hinton agar (MH) incubated at 30°C and 37°C with olive ridley cloacal fluid.  The letters 
F, C, E, and B represent cloacal fluid, ciprofloxacin (5 µg), erythromycin (15 µg), and 
blank filter disks, respectively, placed on each plate.  Numbers beginning with LN9 and 
MP9 are from Playa Grande.  OS indicates turtles found on Playa Ostional, thus are 
arribada turtles.  Turtles starting with MP7 are olive ridleys from Playa Cabuyal.  The * 
indicates that it was not the turtle’s first time nesting during 2011-2012.  Measurements 
were made in mm.  Occasionally there was not enough fluid to conduct the experiments at 
both temperatures, thus experiments were conducted at one temperature. 
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Table 4.2.  (C) Results of Kirby-Bauer disk diffusion with Pseudomonas aeruginosa and 
olive ridley sea turtle cloacal fluid. 
 
  30 NA Results 37 NA Results 30 MH Results 37 MH Results 
Turtle F C E B F C E B F C E B F C E B 
LN904* 0 27 0 0 0 28 0 0 0 28 0 0 0 30 23 0 
LN936 0 30 0 0 0 28 0 0 0 29 0 0 0 25 0 0 
LN931 0 32 0 0 0 30 0 0 0 30 0 0 0 32 0 0 
LN957 0 27 0 0 0 31 0 0 0 34 0 0 0 30 0 0 
LN971* 0 32 0 0 0 31 0 0 0 30 0 0 0 34 0 0 
LN950* 0 28 0 0 0 30 0 0 0 29 0 0 0 23 0 0 
MP935 0 34 0 0 0 29 0 0 0 34 0 0 0 34 0 0 
LN943 0 32 0 0 0 28 0 0 0 29 0 0 0 28 0 0 
MP909 0 24 0 0 0 33 0 0 0 27 0 0 0 29 0 0 
MP967 0 29 0 0 Not tested 0 30 0 0 Not tested 
LN946 0 30 0 0 0 27 0 0 0 33 0 0 0 30 0 0 
MP902 Not tested 0 30 0 0 Not tested 0 30 0 0 
MP926 0 25 0 0 0 24 0 0 0 27 0 0 0 29 0 0 
MP904 0 36 0 0 0 22 0 0 0 26 0 0 0 25 0 0 
MP927 0 30 0 0 0 23 0 0 0 34 0 0 0 29 0 0 
MP982 0 30 0 0 0 30 0 0 0 34 0 0 0 30 0 0 
MP937 0 30 0 0 0 30 0 0 0 30 0 0 0 32 0 0 
OS01 0 29 0 0 0 30 0 0 0 26 0 0 0 26 0 0 
OS02 0 27 0 0 0 30 0 0 0 26 0 0 0 25 0 0 
OS03 0 30 0 0 0 27 0 0 0 27 0 0 0 30 0 0 
OS04 0 30 0 0 0 28 0 0 0 26 0 0 0 27 0 0 
OS05 0 31 0 0 0 28 0 0 0 30 0 0 0 25 0 0 
OS06 0 26 0 0 0 27 0 0 0 30 0 0 0 26 0 0 
OS07 0 29 0 0 0 27 0 0 0 25 0 0 0 28 0 0 
OS08 0 28 0 0 0 27 0 0 0 24 0 0 0 20 0 0 
OS09 0 30 0 0 0 28 0 0 0 26 0 0 0 26 0 0 
OS10 0 26 0 0 0 27 0 0 0 25 0 0 0 24 0 0 
OS11 0 27 0 0 0 27 0 0 0 26 0 0 0 28 0 0 
OS12 0 28 0 0 0 26 0 0 0 30 0 0 0 30 0 0 
OS13 0 35 0 0 0 30 0 0 0 31 0 0 0 22 0 0 
OS14 0 35 0 0 0 46 0 0 0 28 0 0 0 30 0 0 
MP714 0 30 0 0 0 30 0 0 0 36 0 0 0 27 0 0 
MP734 0 30 0 0 0 28 0 0 0 30 0 0 0 27 0 0 
MP708 0 26 0 0 0 29 0 0 0 32 0 0 0 27 0 0 
MEAN 
  
29.48 
    
28.76 
    
29.15 
    
27.82 
  STDEV 2.88 3.85 3.11 3.22 
 
Table shows the results of Kirby-Bauer disk diffusion on nutrient agar (NA) and Mueller-
Hinton agar (MH) incubated at 30°C and 37°C with olive ridley cloacal fluid.  The letters 
F, C, E, and B represent cloacal fluid, ciprofloxacin (5 µg), erythromycin (15 µg), and 
blank filter disks, respectively, placed on each plate.  Numbers beginning with LN9 and 
MP9 are from Playa Grande.  OS indicates turtles found on Playa Ostional, thus are 
arribada turtles.  Turtles starting with MP7 are olive ridleys from Playa Cabuyal.  The * 
indicates that it was not the turtle’s first time nesting during 2011-2012.  Measurements 
were made in mm.  Occasionally there was not enough fluid to conduct the experiments 
at both temperatures, thus experiments were conducted at one temperature
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Table 4.3.  (A) Results of Kirby-Bauer disk diffusion of Enterobacter cloacae 
and Eastern Pacific green turtle cloacal fluid. 
 
  30 NA Results 37 NA  Results 30 MH Results 37 MH Results 
Turtle F C E B F C E B F C E B F C E B 
Black 1 0 27 0 0 0 36 0 0 0 27 0 0 0 26 0 0 
Black 2 0 25 0 0 0 35 0 0 0 26 0 0 0 26 0 0 
Black 3 0 33 0 0 0 28 0 0 0 25 0 0 0 25 0 0 
Black 4 0 34 0 0 0 37 0 0 0 29 0 0 0 25 0 0 
Black 5 Not tested 0 33 0 0 Not tested 0 29 0 0 
MEAN 
  
29.75 
    
33.80 
    
26.75 
    
26.20 
  STDEV 4.43 3.56 1.71 1.64 
 
Table shows the results of Kirby-Bauer disk diffusion on nutrient agar (NA) and 
Mueller-Hinton agar (MH) incubated at 30°C and 37°C with Eastern Pacific 
green turtle cloacal fluid.  The letters F, C, E, and B represent cloacal fluid, 
ciprofloxacin (5 µg), erythromycin (15 µg), and blank filter disks, respectively, 
placed on each plate.  Measurements were made in mm.  Occasionally there was 
not enough fluid to conduct the experiments at both temperatures, thus 
experiments were conducted at one temperature. 
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Table 4.3.  (B) Results of Kirby-Bauer disk diffusion of Staphylococcus aureus and 
Eastern Pacific green turtle cloacal fluid. 
 
  30 NA Results 37 NA Results 30 MH Results 37 MH Results 
Turtle F C E B F C E B F C E B F C E B 
Black 1 0 23 24 0 0 27 24 0 0 25 25 0 0 23 22 0 
Black 2 0 24 19 0 0 24 21 0 0 22 23 0 0 19 20 0 
Black 3 0 22 24 0 0 21 23 0 0 23 24 0 0 22 24 0 
Black 4 0 21 23 0 0 23 20 0 0 24 24 0 0 21 21 0 
Black 5 Not tested 0 34 0 0 Not tested 0 34 0 0 
MEAN 
  
22.50 22.50 
    
25.80 17.60 
    
23.50 24.00 
    
23.80 17.40 
  STDEV 1.29 2.38 5.07 9.96 1.29 0.82 5.89 9.84 
 
Table shows the results of Kirby-Bauer disk diffusion on nutrient agar (NA) and Mueller-
Hinton agar (MH) incubated at 30°C and 37°C with Eastern Pacific green turtle cloacal 
fluid.  The letters F, C, E, and B represent cloacal fluid, ciprofloxacin (5 µg), 
erythromycin (15 µg), and blank filter disks, respectively, placed on each plate.  
Measurements were made in mm.  Occasionally there was not enough fluid to conduct 
the experiments at both temperatures, thus experiments were conducted at one 
temperature. 
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Table 4.3.  (C) Results of Kirby-Bauer disk diffusion of Pseudomonas aeruginosa 
and Eastern Pacific green turtle cloacal fluid. 
 
 
30 NA Results 37 NA Results 30 MH Results 37 MH Results 
Tortuga F C E B F C E B F C E B F C E B 
Black 1 0 29 0 0 0 26 0 0 0 30 0 0 0 24 0 0 
Black 2 0 25 0 0 0 26 0 0 0 31 0 0 0 27 0 0 
Black 3 0 28 0 0 0 30 0 0 0 29 0 0 0 23 0 0 
Black 4 0 33 0 0 0 32 0 0 0 30 0 0 0 25 0 0 
Black 5 Not tested 0 25 0 0 Not tested 0 25 0 0 
MEAN 
  
28.75 
    
27.80 
    
30.00 
    
24.80 
  STDEV 3.30 3.03 0.82 1.48 
 
Table shows the results of Kirby-Bauer disk diffusion on nutrient agar (NA) and 
Mueller-Hinton agar (MH) incubated at 30°C and 37°C with Eastern Pacific green 
turtle cloacal fluid.  The letters F, C, E, and B represent cloacal fluid, ciprofloxacin (5 
µg), erythromycin (15 µg), and blank filter disks, respectively, placed on each plate.  
Measurements were made in mm.  Occasionally there was not enough fluid to conduct 
the experiments at both temperatures, thus experiments were conducted at one 
temperature.
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Discussion 
 
 Results from the preliminary test trial using the five samples indicated 
antimicrobial properties were present in the fluid.  However, all of these samples were 
processed at once and only on nutrient agar at 37°C with Pseudomonas aeruginosa.  
When the assays were performed with both media, at both incubation temperatures, and 
with the controls, these results could not be duplicated.  Thus, these results indicate that 
there are most likely no antimicrobial properties in olive ridley and Eastern Pacific green 
turtle cloacal fluids.  Furthermore, similar results have been found in leatherback sea 
turtles in Costa Rica (Kimberly Vinette Herrin, personal communication, March 25, 
2012) and in green turtles in Australia (Richard Reina, personal communication, March 
17, 2012).  Several possibilities may explain this.  If there are antimicrobial properties, 
perhaps their presence various among the different populations or individuals, and 
perhaps dilution methods are more suited for tested for antimicrobial properties, as 
supported by the mixed results from Dawson (2011), and the presence of antimicrobial 
properties in the five initial samples in this study that were used to test the methods.  
Also, it is possible that antimicrobial properties are present for specific bacteria, and tests 
with different bacteria and fungi would yield different results.  Dawson (2011) found 
97% of the hatched eggs in her study were infected with microorganisms, there would be 
no need for defenses against species that are not potentially pathogenic, and perhaps only 
those that are pathogens to embryos are targeted.   
 Since the preliminary test was an isolated incident that could not be repeated, it is 
possible that something happened to the disks, rather than antimicrobial properties 
actually present in the fluids.  There appeared to be no difference in results of the 
99 
 
 
 
 
experiment based off of the amount of time that had passed between when the sample 
was collected and when the fluid disks were made, even though all samples on Playa 
Grande were processed within eight hours, some in as little as 15 minutes after collection, 
and samples from Playa Carbon and Playa Ostional were processed within 24 hours.  As 
such, perhaps these zones of inhibition are the result of disk contamination by another 
compound that kills bacteria. There is also the potential that the amount of cloacal fluid 
used in the experiments did not adequately represent the strength found in the nesting 
environment, and therefore was unable to demonstrate any antimicrobial effects.  The 
initial tests had zones of inhibition which could have resulted from the inoculating 
bacterial culture having a lower turbidity than a 0.5 McFarland Standard (as the culture 
was not compared to a photo of the standard as was done in the later tests).  With a 
weaker concentration of bacteria, perhaps there was enough fluid for zones of inhibition 
to form around these disks. Since this was a test run, no antibiotic controls were used, 
thus no comparison can be made to see if larger than average zones of inhibition formed 
around the control antibiotics, signifying that the bacteria culture was weak. If the zones 
formed were the result of lower turbidity, then perhaps higher concentrations of fluid are 
needed for more turbid bacterial cultures. 
The lack of antimicrobial properties could be due to the ubiquity of the bacterial 
species used as controls in these experiments, thus resistance to the cloacal fluid may 
have already built up for these species.  This, however, is not likely since the bacteria 
used were are clinical isolates.  Indeed, Pseudomonas aeruginosa and Enterobacter 
cloacae were commonly found in unhatched eggs with E. cloacae also isolated from a 
nesting female (Chapter 2).  Species of Staphylococcus aureus are also commonly found 
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on human skin and since Playa Grande is a popular tourist destination, it is possible sea 
turtles have come into contact with multiple strains of this species, potentially allowing 
resistance to build up.   
Finally, it is also possible the methods used were not sensitive enough to detect 
antimicrobial properties, even if they actually do exist.  Perhaps different methods are 
more sensitive to antimicrobial properties, such as the current research being conducted 
with flatback (Natator depressus) and loggerhead (Caretta caretta) turtles in Australia, 
where a modified dilution technique is being used, with mixed results (Kimberly Vinette 
Herrin, personal communication, March 25, 2012).  With these techniques they have 
found that the cloacal fluid showed no antimicrobial properties against the Gram-negative 
bacteria test, Escherichia coli, and some individuals showed activity against the Gram-
possitive Staphylococcus aureus, and the fungal species Fusarium solani and 
Saccharomyces cerevisiae, but only one individual loggerhead inhibited the all of the 
gram positive and fungal species (Dawson, 2011).  Few of the sampled individuals 
inhibited multiple bacterial or fungal species.   
Another possibly more sensitive method was used by Phillott (2002) to test on the 
antifungal properties of the cloacal fluid by using approximately 1 mL of fluid in wells 
formed in potato dextrose agar plates.  An increase in the amount of fluid from the 
amount on the paper disks would also increase the concentration of any antimicrobial 
properties present.  She found that a temporary zone of inhibition formed around the 
wells until enough of the fluid had diffused through the agar.  These temporary zones 
only lasted 3 days, and had a maximum zone of 5 mm around the well.  The short-lived 
conditions could be due to the antimicrobial properties only having a limited active life.  
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Perhaps when the fluid dries after a couple of days, the proteins lose activity, providing 
only temporary defenses against pathogens.  However, results from the test trial would 
suggest that dry fluid is actually better at fighting potential microorganisms, at least 
temporarily since they were only tested the day after sampling.  Time and sand conditions 
during incubation would likely degrade any antimicrobial properties. 
As a result of the inconsistency of antimicrobial properties, it is important that 
further research be conducted using multiple methods and sea turtle species in order to 
confirm or reject the presence of antimicrobials in cloacal fluid.  Further research should 
also include more species of bacteria, specifically those found most commonly in beach 
sand, but are rarely, if ever, found in eggs.  It may also be important to use different types 
of media, in order to determine how different nutrients would affect any potential 
antimicrobial properties.  Studies could also use more sensitive methods, or less-dense 
standards of inoculating cultures, which may result in different conclusions.  Additional 
studies should be conducted to determine the exact proteins and their quantities in the 
fluid in order to determine if they are known to have antimicrobial properties.  Then 
dilutions could be conducted using known concentrations.  These studies should also be 
expanded to include bacteria and fungi, rather than one or the other.  Results from these 
studies could be used to develop methods, creating antibiotics which mimic those found 
naturally to treat nests with, to protect nests from microorganisms, thereby increasing 
hatchling success. 
102 
 
 
 
 
Bibliography 
 
Al-Bahry, S., Mahmoud, I., Elshafie, A., Al-Harthy, A., Al-Ghafri, S., Al-Amri, I., and 
A. Alkindi.  2009. Bacterial flora and antibiotic resistance from eggs of green 
turtles Chelonia Mydas: An indication of polluted effluents. Marine Pollution 
Bulletin 58: 720-725. 
Baker, C.N., Stocker, S.A., Culver, D.H., and C. Thornsberry.  1991.  Comparison of the 
E test to agar dilution, broth microdilution, and agar diffusion susceptibility 
testing techniques by using a special challenge set of bacteria.  Journal of Clinical 
Microbiology. 29(3): 533-538. 
Brötz, H., Josten, M., Wiedemann, I., Schneider, U., Götz, F., Bierbaum, G., and S. 
Hans-Georg.  1998.  Role of lipid-bound peptidoglycan precursors in the 
formation of pores by nisin, epidermin and other lantibiotics.  Molecular 
Microbiology.  30(2):317-327. 
Dawson, A.  2011.  Antibacterial and antifungal properties of loggerhead (Caretta 
caretta) and flatback (Natator depressus).  B.S. Honors Thesis.  Griffith 
University, Gold Coast, AUS. 
Ewert, M.A.  1985.  In:  Biology of Reptilia Vol. 14.  Gans, C., Billett, F., and Maderson, 
P.F.A. (eds ).  John Wiley and Sons, New York.  Pp. 76-267. 
 
Fehlbaum, P., Bulet, P., Michaut, L., Lagueux, M., Broekaert, W.F., Hetru, C., and J.A. 
Hoffman.  1994.  Septic injury of Drosophila indices the synthesis of a potent 
antigungal peptide with sequence homology to plant antifungal peptides.  The 
Journal of Biological Chemistry.  269(52): 33159-33163. 
 
Gammill, W.M., Fites, J.S., and L.A. Rollins-Smith.  2012.  Norepinephrine depletion of 
antimicrobial peptides from the skin glands of Xenopus laevis.  Developemental 
and Comparative Immunology.  Pp 19-27. 
 
Harris NL, et al.  2006.  Mechanisms of neonatal mucosal antibody protection.  Journal of 
Immunology. 177: 6256–6262. 
 
Lalitha, M.K.  2005. Manual on antimicrobial susceptibility testing.  Indian Association 
of Medical Microbiology.  Pp 46. 
Ōmura, S. et al.  2001.  Genome sequence of an industrial microorganism, Streptomyces 
avermitilis: Deducing the ability of producing secondary antimetabolites.  
Proceedings of the National Academy of Science.  98(2): 12215-12220. 
Otvos, L.  2000.  Antibacterial peptide isolated from insects.  Journal of Peptide Science. 
6: 497-511. 
 
103 
 
 
 
 
Pelegrini, P.B., Perseghini del Sarto, R., Silva, O.N., Franco, O.L., and M.F. Grossi-de-
Sa.  2011.  Antibacterial peptides from plants: hat they are and how they probably 
work.  Biochemistry Research International: Pp1-9. 
 
Phillot, A. D.  2002.  Fungal colonization of sea turtle nests in Eastern Australia.  PhD 
Dissertation.  Central Queensland University. 
Rafferty, A.R., and Reina, R.D.  2012.  Arrested embryonic development: a review of 
strategies to delay hatching in egg-laying reptiles.  Procedings of the Royal 
Society B: Biological Sciences.  279: 2299-2308. 
Silas, E.G. and M. Rajagopalan. 1984. Recovery programme for olive ridley, 
Lepidochelys olivacea (Eschscholtz, 1829), along Madras Coast. In Sea Turtle 
Research and Conservation.Bulletin 35. Central Marine Fisheries Research 
Institute, Cochin, India.  Pp 9. 
Soslau, G., Spotila, J. R., Chun, A., Yi, S., and K. T., Weber.  2011a.  Potentially lethal 
bacteria in leatherback turtle eggs in the wild threaten both turtles and 
conservationists. Microbiology Letter.  410: 101-106. 
Soto, E., Espinoza, J., Nien, J.K., Erez, O., Richani, K., Santolaya-Forgas, J., and R. 
Romero. 2007.  Human β-defensin-2: A natural antimicrobial peptide present in 
amniotic fluid participates in the host response to microbial invasion of the 
amniotic cavity.  Journal of Maternal-Fetal and Neonatal Medicine.  20(1): 15-22. 
Thevissen, K., Cammue, B., Lemaire, K., Winderickx, J., Dickson, R.C., Lester, R.L., 
Ferket, K., Van Even, F., Parret, A., and W.F. Broekaert.  2000.  A gene 
enconding a sphingolipid biosynthesis enzyme determines the sensitivity of 
Saccharomyces cerevisiae to an antifungal plant defensin from dahlia (Dahlia 
merckii).  Proceedings of the National Academy of Science.  97(17): 9531-9536. 
Zasloff, M.  2002.  Antimicrobial peptides of multicellular organisms.  Nature.  415: 389-
395.
104 
 
 
 
 
CHAPTER 5 
 
CONCLUSIONS 
 
 
 
 This study was successful at identifying several species of fungi and bacteria 
associated with sea turtles nesting at Playa Cabuyal, Playa Grande, and Playa Ostional.  
Though no antimicrobial properties could be found in the cloacal fluid of the sea turtles 
sampled for the Kirby-Bauer experimentations, several other important conclusions can 
be drawn from this study.  This study also provides vital information for future 
researchers conducting similar studies both on these beaches, as well as other beaches 
around the world and with other species. 
 Bacteria in the study, like other similar studies, were associated with failed sea 
turtle eggs and nests with low hatchling success (see Appendix A).  Some of the same 
species found in unhatched eggs were also found in the cloacal fluid and sand samples 
(Appendices B and C).  Since eggs were only collected during the first season, it is most 
likely that the lack of bacteria matching the species found in the cloacal fluid or sand 
were lost due to freezing and storage of the samples.   Bacteria species were associated 
with nests with both high and low hatchling success, thus with such a small sample size it 
cannot be determined if the bacterial species are truly associated with lower hatchling 
success.  It could be hypothesized if a species is a pathogen or saprophyte by whether or 
not it is also found in nests with high hatchling success (most likely a saprophyte),  
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however laboratory experiments would probably be needed to confirm whether or not a 
species is killing embryos, or invading nests after eggs became unviable. 
 Similar studies have been conducted using the API 20 E systems for bacterial 
species identification (Aguirre et al., 1994; Al-Bahry et al., 2009; Craven et al., 2007; and 
Santoro et al., 2006).  The lower cost, success of the other studies, ease of use of these 
systems in the field, and the fact that most of the bacteria found in association with sea 
turtle nesting are from the Enteric family made these systems the ideal choice for 
bacterial identification for this study.  However, as is with the case with other rapid 
biochemical identification systems, it is possible that these systems misidentified species.  
Awong-Taylor et al. (2007) conducted a study comparing API systems to the molecular 
method of 16s rDNA sequencing and automated ribotyping (Accugenix 2007) and found 
74% discrepancies between these two systems.  Discrepancies typically occurred for 
similarly related species.  Molecular methods were not available in the field, and they 
come at 10-44 times the cost, thus resources did not allow for these methods.  The use of 
newer Microgen GNA systems (Microgen Bioproducts, UK), which also use biochemical 
tests for bacterial identification, function similarly to the API systems, have been shown 
to yield high rates of identification, thus should be considered for similar studies in the 
future even though they have not yet been used in similar sea turtle studies. 
 Future studies should be conducted to what determine the most accurate, cost 
efficient, and accurate method of bacterial field identification is.   This would allow for 
more studies to be conducted on other beaches and with other sea turtle species.  The 
hope of more studies like this one would be to identify which species, and eventually 
strains, are pathogenic to developing sea turtle embryos and which opportunistic 
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saprophytes are.  Other future studies should look into how bacterial strains in association 
with sea turtle nesting on a beach change over time, in order to determine bacteria effects 
on hatching success as nesting beaches become more developed, and with environmental 
change.  Other important studies also need to investigate the rate at which bacteria in 
nesting sands are developing antibiotic resistance, and how resistance could potentially 
affect hatchling success. 
 In this study, fungi were also associated with failed sea turtle eggs, indicating they 
may be pathogenic to developing embryos.  Some species were also found in association 
with nests that had extremely high hatchling success rates, indicating that some species of 
fungi are probably saprophytic in nature. Penicillium also found in association with both 
high and low hatchling success, thus is most likely saprophytic in turtle eggs, but a larger 
sample size is needed to confirm that it is not a pathogen.  With the exception of Mucor, 
all of the genera associated with failed sea turtle eggs were found in cloacal fluid, 
whereas only Cladosporium was isolated from nest sand.  As a result, it is possible that 
nests are becoming infected with bacteria from the females themselves.  However, the 
species found in association with the failed eggs are also common in the environment, 
thus it is also possible that they contaminated the turtle’s cloacas while emerged.  It is 
likely that the limited amount of isolations from sand was the result of freezing and 
storage of samples, rather than not being present since fungi are abundant in sand at other 
nesting beaches (see Appendix E).  However, since only fungi were found in cloacal fluid 
samples and not bacteria, it is likely that fungi are more resilient to freezing than the 
bacteria in cloacal fluid. 
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The identification method of tape and lactophenol cotton blue is standard practice 
in clinical laboratories (Larone, 1995), however this only worked for common or distinct 
yeast genera in this study.  Molds were far more difficult and had to be sent out.  Sending 
all samples to laboratories for identification would have been cost prohibitive, however, 
many of the genera seen reappeared in other samples, thus it may have been more 
effective to send isolations for laboratory identification the first time they were observed 
and then develop an identification key for the beach.  Developing a key would allow for 
more species to be identified at a lower cost as fungal genera are not extremely abundant 
in the nesting environment, and generally the same genera appear multiple times 
(personal observation). 
Similar studies need to be conducted in the future so it can be determine which 
species and strains are associated with lower hatchling success on nesting beaches 
throughout the world.  It is important to determine which are pathogenic and which are 
merely saprophytic.  As mentioned with future studies with bacteria, future studies should 
monitor the effects of fungi on nests as beaches become developed, and with factors such 
as environmental change. 
Finally, this study demonstrates that there are no antimicrobial properties in the 
cloacal fluids of olive ridley sea turtles in northwestern Costa Rica.  Similar results have 
been found in Costa Rican leatherback turtles (Kimberly Vinette Herrin, personal 
communication, March 25, 2012) and green sea turtles in Australia (Richard Reina, 
personal communication, March 17, 2012).  Although initial tests of the methods 
indicated that antimicrobial properties were present, the inability of these findings to be 
repeated indicates that antimicrobial properties in cloacal fluids are either absent, or the 
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Kirby Bauer method is an inefficient method for determining their presence.  Currently, 
there is research being conducted on the antimicrobial properties of cloacal fluid in 
flatback turtles in Australia and scientists are finding mixed results (Kimberly Vinette 
Herrine, personal communication, March 25, 2012).  Thus, it is also possible that there is 
variation in antimicrobial properties within a nesting population. 
Future studies should be conducted using different methods for detecting if 
antimicrobial properties are present in cloacal fluids.  These studies should be conducted 
using both bacteria and fungi found in the sand, but not in eggs, because if antimicrobial 
properties are present in the fluid, microorganisms in the eggs would be the most likely to 
have built up antibiotic resistance.  Also, it is possible that not enough fluid was used in 
this study, thus it may be a better idea to use wells of fluids as Phillott (2002) did for 
testing antifungal properties in cloacal fluid.  Most important, these studies should be 
conducted using more bacteria and include fungi as well. 
The overall goal of conducting more studies on the microorganisms associated 
with sea turtle nesting environments is to determine if they are reducing hatchling 
success.  If it is determined that they reduce hatchling success, then methods for 
protecting nests from microbial invaders will need to be developed in order to increase 
hatchling success on beaches.  More studies should also be conducted on whether or not 
microorganisms are present at egg formation inside the female turtle, however, due to the 
endangered nature of sea turtles, permits to take control eggs are likely difficult to obtain.  
It is also important that future research determines whether or not bacteria and fungi are 
influencing the fitness of hatchlings.  Even if microorganisms are not reducing hatchling 
success, if they are adversely affecting hatchling fitness, they are most likely reducing 
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that number of hatchlings that make it to adulthood.  Although studies have been 
conducted on microorganisms in sea turtle nests, far more needs to be conducted.  The 
most important step is to determine potential pathogens to developing embryos. 
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Appendix A: Bacteria Isolated from Failed Sea Turtle Eggs 
 
Species Bacteria Strain Location Source 
Green Aeromonas sp Ras Al-Hadd, Oman Al-Bahry et al., 2009 
  Citrobacter sp Ras Al-Hadd, Oman Al-Bahry et al., 2009 
  Escherichia sp Ras Al-Hadd, Oman Al-Bahry et al., 2009 
 Escherichia coli Ras Al-Hadd, Oman Al-Bahry et al., 2009 
  Enterobacter sp Ras Al-Hadd, Oman Al-Bahry et al., 2009 
 Enterobacter cloacae Ras Al-Hadd, Oman Al-Bahry et al., 2009 
  Flavobacterium sp Ras Al-Hadd, Oman Al-Bahry et al., 2009 
  Pasteurella sp Ras Al-Hadd, Oman Al-Bahry et al., 2009 
  Providencia sp Ras Al-Hadd, Oman Al-Bahry et al., 2009 
  Pseudomonas sp Ras Al-Hadd, Oman  Al-Bahry et al., 2009 
 
Pseudomonas 
aeruginosa Ras Al-Hadd, Oman Al-Bahry et al., 2009 
 
Pseudomonas 
fluorescence Ras Al-Hadd, Oman  Al-Bahry et al., 2009 
  Rahnella sp Ras Al-Hadd, Oman  Al-Bahry et al., 2009 
 Salmonella sp Ras Al-Hadd, Oman Al-Bahry et al., 2009 
  Salmonella sp Ras Al-Hadd, Oman  Al-Bahry et al., 2009 
Loggerhead 
Achromobacter 
xylosoxidans 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
 Acinetobacter sp 
Jekyll Island, 
Georgia, USA Wyneken et al., 1988 
  Aeromonas sp 
Jekyll Island, 
Georgia, USA Wyneken et al., 1988 
 
Agrobacterium 
tumefaciens 
Woongarra Coast, 
AUS Dawson, 2011 
  Alcaligenes faecalis 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
  Bacillus sp 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
  Bacillus cereus 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
  
Brevundimonas 
diminuta 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
  Burkholderia cepacia 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
 Chrysobacterium 
indologenes 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
 
Chrysomonas luteola 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
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 Citrobacter sp 
Woongarra Coast, 
AUS Dawson, 2011 
  Enterobacter sp 
Jekyll Island, 
Georgia, USA; 
Woongarra Coast, 
AUS 
Wyneken et al., 1988; 
Awong-Taylor et al., 
2007; Dawson, 2011 
  Enterobacter cloacae 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
  
Flavobacter 
iummizutali 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
  Klebsiella sp 
Jekyll Island, 
Georgia, USA Wyneken et al., 1988 
  Microbacterium sp 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
  Moraxella sp 
Jekyll Island, 
Georgia, USA Wyneken et al., 1988 
  
Ochrobactum 
anthropi 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
  
Pasteurella 
pneumotropica 
hemolytica 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
  Pseudomonas sp 
Jekyll Island, 
Georgia, USA Wyneken et al., 1988 
  
Pseudomonas 
aeruginosa 
Jekyll Island, 
Georgia, USA 
Craven et al., 2007; 
Awong-Taylor et al., 
2007 
 
Pseudomons 
chlororaphis 
Woongarra Coast, 
AUS Dawson, 2011 
  
Pseudomonas 
fluorescens 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
  
Pseudomonas 
geniculata 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
  Psuedomona sputida 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
  Pseudomonas stutzeri 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
  Rhizobium sp 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
  Rhodococcus zopfii 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
 Serratia sp 
Jekyll Island, 
Georgia, USA Wyneken et al., 1988 
 Serratia sp 
Jekyll Island, 
Georgia, USA Wyneken et al., 1988 
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Serratia 
marcescens 
Jekyll Island, 
Georgia, USA 
Craven et al., 2007; 
Awong-Taylor et al., 
2007 
  Shewanella algae 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
  
Shewanella 
putrefaciens 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
 Sphingobacterium 
Woongarra Coast, 
AUS Dawson, 2011 
  
Sphingobacterium 
spiritivorum 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
  
Stenotrophomonas 
maltophilia 
Jekyll Island, 
Georgia, USA Craven et al., 2007 
  Vibrio sp 
Jekyll Island, 
Georgia, USA Wyneken et al., 1988 
  Vibrio fluvialis 
Jekyll Island, 
Georgia, USA 
Awong-Taylor et al., 
2007 
Olive ridley Achromobacter sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
  Acinetobacter sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
  Aeromonas sp 
Nancite and Ostional, 
Costa Rica 
Mo et al., 1990; Acuña 
et al., 1990  
  Alcaligenes sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
  Bacillus sp Nancite, Costa Rica Mo et al., 1990 
  Citrobacter Nancite, Costa Rica 
Campos, ; Mo et al., 
1990 
  Enterobacter Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
  Pseudomonas sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
  
Pseudomonas 
aeruginosa Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
  Serratia sp Nancite, Costa Rica Mo et al., 1990 
  Staphylococcus sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
 
Vibrio sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
  Vibrio sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
  Vibrio mimicus Ostional, Costa Rica Acuña et al., 1990 
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  Vibrio cholera Ostional, Costa Rica Acuña et al., 1990 
  
Vibrio 
parahaemolyticus Ostional, Costa Rica Acuña et al., 1990 
  Vibrio vulnificus Ostional, Costa Rica Acuña et al., 1990 
Leatherback 
Acintobacter 
baumannii 
Playona beach, 
Colombia-Panama Patino-Martinez, 2011 
  
Acinetobacter 
calcoaceticus 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  Acintobacter lwoffi 
Playona beach, 
Colombia-Panama Patino-Martinez, 2011 
  Acinetobacter sp HM 
Playa Grande, Costa 
Rica Soslau et al., 2011b 
  
Aeromonas 
hydrophila 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  Aeromonas punctata 
Playa Grande, Costa 
Rica Soslau et al., 2011a 
  Aeromonas sobria 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  Bacillus sp 
Playa Grande, Costa 
Rica Soslau et al., 2011a 
  Bacillus cereus 
Playa Grande, Costa 
Rica Soslau , 2011a 
  
Bordetella 
bronchiseptica 
Playona beach, 
Colombia-Panama Patino-Martinez, 2011 
  
Brevundimonas 
vesicularis 
Playona beach, 
Colombia-Panama Patino-Martinez, 2011 
  Citrobacter diversus 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  
Corynebacterium 
aquaticum 
Playona beach, 
Colombia-Panama Patino-Martinez, 2011 
  Diplococcus sp 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  Enterobacter cloacae 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  
Enterobacter 
gergoviae 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  
Enterobacter 
sakazakii 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
 
Escherichia coli 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
 
Proteus (Morganella) 
morganii 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
 Proteus vulgaris 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
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  Pseudomonas sp 
Playa Grande, Costa 
Rica Soslau et al., 2011a 
  
Pseudomonas sp 
WAN8 
Playa Grande, Costa 
Rica Soslau et al., 2011a 
 
Pseudomonas 
aeruginosa 
Playa Grande, Costa 
Rica Soslau et al., 2011a 
  Pseudomonas putida 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  Pseudomonas stutzeri 
hatchery, Les Hettes, 
French Guiana; 
Playona beach, 
Colombia-Panama 
Girondot et al., 1990; 
Patino-Martinez, 2011 
  
Pseudomonas sp 
WAN 8 
Playa Grande, Costa 
Rica Soslau et al., 2011a 
  
Sphingosine 
spiritivorum  
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  Streptococcus 
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  
Xanthomonas 
maltophilia  
hatchery, Les Hettes, 
French Guiana Girondot et al., 1990 
  Not Tested     
Flatback Not Tested     
Hawksbill Not Tested     
Kemps ridley Not Tested   
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Appendix B:  Bacteria Isolated from Nest Chamber Sand and/or the Outside of Failed 
Eggs 
 
Species Bacteria Strain Location Source 
Green Not tested     
Loggerhead Aeromonas caviae 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  Alcaligenes fecalis 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  Aeromonas sp 
Jekyll Island, Georgia, 
USA 
Wyneken et al., 
1988 
  Bacillus cereus 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  Bacillus mycoides 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
 Citrobacter sp Woongarra Coast, AUS Dawson, 2011 
  Enterobacter sp 
Jekyll Island, Georgia, 
USA 
Wyneken et al., 
1988 
  Enterobacter cloacae 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  Morganella morgani 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  
Ochrobactrum 
anthropi 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  Proteus sp 
Jekyll Island, Georgia, 
USA 
Wyneken et al., 
1988 
  Pseudomonas sp 
Jekyll Island, Georgia, 
USA; Woongarra Coast, 
AUS 
Wyneken et al., 
1988; Dawson, 011 
  
Pseudomonas 
aeruginosa 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  
Pseudomonas 
fluorescens 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  Serratia marcescens 
Jekyll Island, Georgia, 
USA; Woongarra Coast, 
AUS 
Craven et al., 
2007; Dawson, 
2011 
  
Shewanella 
putrifaciems 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  
Sphingobacterium 
spiritivorum 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  
Sphingomonas 
paucimobilis 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
 Stenotrophomonas sp Woongarra Coast, AUS Dawson, 2011 
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Stenotrophomonas 
maltophilia 
Jekyll Island, Georgia, 
USA Craven et al., 2007 
  Vibrio sp 
Jekyll Island, Georgia, 
USA 
Wyneken et al., 
1988 
Olive ridley Achromobacter sp Nancite, Costa Rica Mo et al., 1990 
  Acinetobacter sp Nancite, Costa Rica Mo et al., 1990 
  Bacillus sp Nancite, Costa Rica 
Campos, 1988; Mo 
et al., 1990 
  Citrobacter sp Nancite, Costa Rica Mo et al., 1990 
  Enterobacter sp Nancite, Costa Rica Mo et al., 1990 
  Klebsiella sp Nancite, Costa Rica Mo et al., 1990 
  Micrococcus sp Nancite, Costa Rica 
Campos, 1988; Mo 
et al., 1990 
  Proteus sp Nancite, Costa Rica 
Campos, 1988; Mo 
et al., 1990 
  Pseudomonas sp Nancite, Costa Rica Mo et al., 1990 
  
Pseudomonas 
aeruginosa Nancite, Costa Rica Mo et al., 1990 
  Vibrio sp Nancite, Costa Rica Mo et al., 1990 
  Vibrio cholerae Ostional, Costa Rica Acuña et al., 1990 
  
Vibrio 
parahaemolyticus Ostional, Costa Rica Acuña et al., 1990 
  Vibrio vulnificus Ostional, Costa Rica Acuña et al., 1990 
Leatherback Not tested     
Flatback Not tested     
Hawksbill Not tested     
Kemps 
ridley Not tested     
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Appendix C: Bacteria Isolated from Swabbing the Cloaca of Sea Turtles 
 
Species Bacteria Strain Location Source 
Green Acinetobacter lwoffi* 
Kaneoho Bay, Oahu, 
Hawaii Aguirre et al., 1994 
  
Aeromonas 
hydrophila Tortuguero, Costa Rica Santoro et al., 2006 
  
Aeromonas 
salmoncida Tortuguero, Costa Rica Santoro et al., 2006 
  Bordetella avium Tortuguero, Costa Rica Santoro et al., 2006 
  Citrobacter diversus* 
Kaneoho Bay, Oahu, 
Hawaii Aguirre et al., 1994 
  
Enterobacter 
aerogenes* 
Kaneoho Bay, Oahu, 
Hawaii Aguirre et al., 1994 
  
Enterobacter 
agglomerans Tortuguero, Costa Rica Santoro et al., 2006 
  Enterobacter cloacae Tortuguero, Costa Rica Santoro et al., 2006 
  Escherichia coli(*) 
Tortuguero, Costa Rica; 
Kaneoho Bay, Oahu, 
Hawaii 
Santoro et al., 2006; 
Aguirre et al., 1994 
  Klebsiella oxytoca (*)
Tortuguero, Costa Rica; 
Kaneoho Bay, Oahu, 
Hawaii 
Santoro et al., 2006; 
Aguirre et al., 1994 
  
Klebsiella 
pneumoniae Tortuguero, Costa Rica Santoro et al., 2006 
  Micrococcus sp Tortuguero, Costa Rica Santoro et al., 2006 
  Morganella morganii 
Kaneoho Bay, Oahu, 
Hawaii Aguirre et al., 1994 
  Proteus mirabilis(*) 
Tortuguero, Costa Rica; 
Kaneoho Bay, Oahu, 
Hawaii 
Santoro et al., 2006; 
Aguirre et al., 1994 
  Proteus vulgaris Tortuguero, Costa Rica Santoro et al., 2006 
  
Pseudomonas 
aeruginosa Tortuguero, Costa Rica Santoro et al., 2006 
 
Pseudomons 
argentinensis 
Woongarra Coast, AUS Dawson, 2011 
  
Pseudomonas 
fluorescens Tortuguero, Costa Rica Santoro et al., 2006 
  
Pseudomonas 
mendocina Tortuguero, Costa Rica Santoro et al., 2006 
  Pseudomonas putida Tortuguero, Costa Rica Santoro et al., 2006 
  
Staphylococcus 
cromogenes Tortuguero, Costa Rica Santoro et al., 2006 
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Staphylococcus 
cromogenes Tortuguero, Costa Rica Santoro et al., 2006 
  
Staphylococcus 
intermedius Tortuguero, Costa Rica Santoro et al., 2006 
  Vibrio alginolyticus Tortuguero, Costa Rica Santoro et al., 2006 
  Vibrio fluvialis Tortuguero, Costa Rica Santoro et al., 2006 
Loggerhead Acinetobacter sp 
Jekyll Island, Georgia, 
USA Wyneken, 1988 
  Aeromonas sp 
Jekyll Island, Georgia, 
USA Wyneken, 1988 
 Ancylobacter sp Woongarra Coast, AUS Dawson, 2011 
 Arthrobacter sp Woongarra Coast, AUS Dawson, 2011 
 Bacillus sp Woongarra Coast, AUS Dawson, 2011 
 Brevundimonas sp Woongarra Coast, AUS Dawson, 2011 
 
Brevundimonas 
vesicularis Woongarra Coast, AUS Dawson, 2011 
 Curtobacterium Woongarra Coast, AUS Dawson, 2011 
 Dyadobacter  sp Woongarra Coast, AUS Dawson, 2011 
  Enterobacter sp 
Jekyll Island, Georgia, 
USA Wyneken, 1988 
 Exiguobacterium sp Woongarra Coast, AUS Dawson, 2011 
 
Exiguobacterium 
arabatum Woongarra Coast, AUS Dawson, 2011 
 Massilia timonae Woongarra Coast, AUS Dawson, 2011 
 Microbacterium sp Woongarra Coast, AUS Dawson, 2011 
  Moraxella sp 
Jekyll Island, Georgia, 
USA Wyneken, 1988 
 
Paenibacillus 
barcinonensis Woongarra Coast, AUS Dawson, 2011 
 Planococcus sp Woongarra Coast, AUS Dawson, 2011 
  Pseudomonas sp 
Jekyll Island, Georgia, 
USA; Woongarra Coast, 
AUS 
Wyneken, 1988; 
Dawson, 2011 
 
Pseudomonas 
argentinensis Woongarra Coast, AUS Dawson, 2011 
 Pseudomonas stutzeri Woongarra Coast, AUS Dawson, 2011 
  Staphylococcus sp 
Jekyll Island, Georgia, 
USA; Woongarra Coast, 
AUS 
Wyneken, 1988; 
Dawson, 2011 
  Vibrio sp 
Jekyll Island, Georgia, 
USA Wyneken, 1988 
 Vibrio vulnificus Woongarra Coast, AUS Dawson, 2011 
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Olive ridley Acinetobacter sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990; Santoro et 
al., 2006 
 
Alcaligenes sp Nancite, Costa Rica 
Mo et al., 1990; 
Santoro et al., 2006 
  Alcaligenes sp Nancite, Costa Rica 
Mo et al., 1990; 
Santoro et al., 2006 
  Aeromonas sp 
Ostional and Nancite, 
Costa Rica 
Acuña et al., 1990; 
Santoro et al., 2006 
 Citrobacter freundi Nancite, Costa Rica Santoro et al., 2006 
  Enterobacter sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
 Enterococcus faecalis Nancite, Costa Rica Santoro et al., 2006 
 Proteus mirabilis Nancite, Costa Rica Santoro et al., 2006 
  
Pseudomonas 
aeruginosa Nancite, Costa Rica 
Campos, 1988; 
Santoro et al., 2006 
 Salmonella Nancite, Costa Rica Santoro et al., 2006 
  Serratia sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
  Staphylococcus sp Nancite, Costa Rica 
Campos, 1988; Mo et 
al., 1990 
  Vibrio alginolyticus Ostional, Costa Rica Acuña et al., 1990 
  Vibrio mimicus Ostional, Costa Rica Acuña et al., 1990 
  Vibrio cholera Ostional, Costa Rica Acuña et al., 1990 
  
Vibrio 
parahaemolyticus Ostional, Costa Rica Acuña et al., 1990 
  Vibrio vulnificus Ostional, Costa Rica Acuña et al., 1990 
Leatherback Pseudomonas 
Playa Grande, Costa 
Rica Soslau et al., 2011a 
Flatback Brevundimonas sp  Woongarra Coast, AUS  Dawson, 2011 
 Microbacterium sp  Woongarra Coast, AUS  Dawson, 2011 
 Micrococcus luteus  Woongarra Coast, AUS  Dawson, 2011 
 Pantoea sp  Woongarra Coast, AUS  Dawson, 2011 
 Pseudomonas sp  Woongarra Coast, AUS  Dawson, 2011 
 
Pseudomons 
pseudoalcaligenes  Woongarra Coast, AUS  Dawson, 2011 
 Shinella  granuli  Woongarra Coast, AUS  Dawson, 2011 
 Staphylococcus sp  Woongarra Coast, AUS  Dawson, 2011 
Hawksbill Not tested     
Kemps 
ridley Not tested     
* Indicates bacteria were found in an imunnocompromised turtle. 
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Appendix D: Fungi Isolated from Failed Sea Turtle Eggs 
 
Sea Turtle 
Species Fungal Strain Location Source 
Green Aspergillus Unreported 
Solomon and Baird, 
1980 
F. oxysporum 
Heron Is., Wreck Is.,and 
Milman Is., Australia Phillott, 2002 
F. solani 
Heron Is., Wreck Is.,and 
Milman Is.  Australia Phillott, 2002 
P. boydii 
Heron Is., and Wreck Is.  
Australia Phillott, 2002 
Loggerhead Aspergillus  Yanıklar, Fethiye, Turkey Guclu et al., 2012 
Cephalosporium 
curtipes var. 
uredinicola Woongarra Coast, AUS Dawson, 2011 
Chrysosporium  Yanıklar, Fethiye, Turkey Guclu et al., 2012 
Cladosporium Yanıklar, Fethiye, Turkey Guclu et al., 2012 
Fusarium  
Yanıklar, Fethiye, Turkey; 
Woongarra Coast, AUS 
Guclu et al., 2012; 
Dawson, 2011 
F. oxysporum Mon Repos,  Australia Phillott, 2002 
F. 
polyphialidicum Woongarra Coast, AUS Dawson, 2011 
F. solani 
Mon Repos,  Australia; 
Boavista Is., Cape Verde 
Phillott, 2002; 
Sarmiento-Ramírez, 
2010  
Mucor Göksu Delta, Turkey Peters et al., 1994 
Paecilomyces 
lilacinus Woongarra Coast, AUS Dawson, 2011 
Penicillium  Yanıklar, Fethiye, Turkey Guclu et al., 2012 
Phomopsis sp Woongarra Coast, AUS Dawson, 2011 
P. boydii Mon Repos,  Australia Phillott, 2002 
Scedosporium 
aurantiacum Woongarra Coast, AUS Dawson, 2011 
Thielvia Yanıklar, Fethiye, Turkey Guclu et al., 2012 
Unidentified Yanıklar, Fethiye, Turkey Guclu et al., 2012 
Olive ridley Allescheria Nancite, Costa Rica Mo et al., 1990 
Aspergillus Nancite, Costa Rica Mo et al., 1990 
Cunninghamella Nancite, Costa Rica Mo et al., 1990 
Gliocladiopsis Nancite, Costa Rica Mo et al., 1990 
Fusarium 
Nancite and Naranjo, Costa 
Rica 
Mo et al., 1990; 
Acuña-Mesén, 1992 
Homodendrum Nancite, Costa Rica Mo et al., 1990 
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Saksenaea Nancite, Costa Rica Mo et al., 1990 
Leatherback Fusarium 
St Croix, U.S. Virgin 
Islands 
Eckert and Eckert, 
1990 
F. oxysporum Columbia 
Patino-Martinez et 
al., 2012 
F. solani Columbia 
Patino-Martinez et 
al., 2012 
Flatback F. oxysporum Peak Is.,  Australia Phillott, 2002 
F. solani 
Peak Is.,  Australia; 
Woongarra Coast, AUS 
Phillott, 2002; 
Dawson, 2011 
P. boydii Peak Is.,  Australia Phillott, 2002 
Hawksbill F. oxysporum  Milman Is.,  Australia Phillott, 2002 
F. solani  Milman Is. (AUS) Phillott, 2002 
Kemps 
Ridley Fusarium Unreported Wyneken et al., 1988 
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Appendix E: Fungi Isolated from Nest Chamber Sand and/or the Outside of Failed Eggs 
 
Sea Turtle 
Species 
Fungal Strain Location Source 
Green F. solani Heron Island, Australia Phillott and 
Parmenter,2001 
 Pseudallescheria 
boydii 
Heron Island, Australia Phillott and 
Parmenter,2001 
Loggerhead Absidia  Yanıklar, Fethiye, Turkey Guclu et al., 2012 
 Aspergillus  Yanıklar, Fethiye, Turkey Guclu et al., 2012 
 Aspergillus niger Woongarra Coast, AUS Dawson, 2011 
 Chrysosporium  Yanıklar, Fethiye, Turkey Guclu et al., 2012 
 Cylindrocarpon  Yanıklar, Fethiye, Turkey Guclu et al., 2012 
 Emericella Yanıklar, Fethiye, Turkey Guclu et al., 2012 
 Fusarium  Yanıklar, Fethiye, Turkey Guclu et al., 2012 
 F. solani Mon Repos, Australia Phillott and 
Parmenter,2001 
 Mucor Yanıklar, Fethiye, Turkey Guclu et al., 2012 
 Penicillium  Yanıklar, Fethiye, Turkey Guclu et al., 2012 
 Pseudallescheria 
boydii 
Mon Repos, Australia; 
Woongarra Coast, AUS 
Phillott and 
Parmenter,2001; 
Dawson, 2011 
 Unidentified Yanıklar, Fethiye, Turkey Guclu et al., 2012 
Olive ridley Absidia  Nancite, Costa Rica Mo et al., 1990 
 Acremonium Nancite, Costa Rica Mo et al., 1990 
 Aspergillus  Nancite, Costa Rica Campos, 1988; Mo et 
al., 1990 
 Allescheria Nancite, Costa Rica Mo et al., 1990 
 Crysosporium Nancite, Costa Rica Campos, 1988; Mo et 
al., 1990 
 Cunninghamella Nancite, Costa Rica Mo et al., 1990 
 Fusarium  Nancite, Costa Rica Campos, 1988 
 Glioclodiopsos Nancite, Costa Rica Campos, 1988 
 Hormodendrum Nancite, Costa Rica Mo et al., 1990 
 Mucor Nancite, Costa Rica Mo et al., 1990 
 Paecilomyces Nancite, Costa Rica Mo et al., 1990 
 Penicillium  Nancite, Costa Rica Mo et al., 1990 
 Saksenaea vasiformis Nancite, Costa Rica Mo et al., 1990 
Leatherback (Not Sampled) 
Flatback (Not Sampled) 
Hawksbill (Not Sampled) 
Kemps ridley (Not Sampled)  
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Appendix F: Fungi Isolated from Swabbing the Cloaca of Sea Turtles 
 
Sea Turtle 
Species Fungal Strain Location Source 
Green Acremonium sp 
Shoalwater Bay, Heron Island, 
Unknown, Australia Phillott, 2002 
Aspergillus sp Heron Reef, Australia Phillott, 2002 
Cladosporium 
sp 
Heron Reef, and North West Island 
Australia;  Phillott, 2002 
Pencillium sp 
Heron Island, and Heron Reef, 
Australia Phillott, 2002 
F. Solani Heron Island, Australia Phillott, 2002 
F. Oxysporum Heron Island, Australia Phillott, 2002 
Mucor sp Heron Island, Australia Phillott, 2002 
Loggerhead Acremonium sp Heron Reef, Australia Phillott, 2002 
Aspergillus sp 
Milman Island, Mon Repos, 
Australia; Woongarra Coast, AUS 
Phillott, 2002; 
Dawson, 2011 
Cladosporium 
sp 
Woongarra Coast, AUS Dawson, 2011 
F. Solani 
Heron Island, Wreck Island, 
Australia Phillott, 2002 
Penicillium sp Mon Repos, Australia Phillott, 2002 
Stachybotrys sp Mon Repos, Australia Phillott, 2002 
Tilletiopsis 
fulvescens 
Woongarra Coast, AUS Dawson, 2011 
Olive ridley Fusarium sp Nacite, Costa Rica Mo et al., 1990 
Leatherback (not tested)     
Flatback Acremonium Peak Island, Australia Phillott, 2002 
F. solani Peak Island, Australia Phillott, 2002 
Penicillium Peak Island, Australia Phillott, 2002 
Phialophora Peak Island, Australia Phillott, 2002 
Sporothrix Peak Island, Australia Phillott, 2002 
Hawksbill Crysosporium Milman Island, Australia Phillott, 2002 
Penicillium Milman Island, Australia Phillott, 2002 
Kemps 
ridley Not Tested     
 
